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I, INTRODUCTION 
The majority of trematodes assigned to the family Gorgoderidae are ' 
bladder flukes parasitizing the excretory systems of fishes and amphibi­
ans. Most gorgoderids have a narrowed forebody and an expanded hindbody. 
An enlarged, .powerful acetabulum usually projects noticeably from the 
body. Reproductive organs, located posterior to the acetabulum, usually 
consist of one ovary, two clumps of vitellaria, and two or nine testes. 
The genital pore is median and located between the intestinal bifurca­
tion and acetabulum. 
Most gorgoderids are assigned to the genus Phyllodistomum and have 
been reported from the excretory systems, rarely from the digestive 
tracts and body cavities, of marine and freshwater fishes and amphibians 
throughout the world. Specimens of this genus are apharyngeate, lack a 
seminal receptacle, have two intercaecal testes, and generally possess 
well demarcated fore- and hindbodies. To date, only three life cycles 
of the approximately 60 species of phyllodistomes from fishes and two of 
the 13 species from amphibians have been experimentally demonstrated. 
The dearth of information on the life histories of phyllodistomes 
and the availability of abundant material suggested this study of the 
life history of Phyllodistomum staffordi Pearse, 1924, a common parasite 
in the excretory system of black bullheads, Ictalurus melas, in Trumbull 
Lake, Clay County, Iowa. 
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II. HISTORICAL REVIEW 
The history of the family Gorgoderidae is a long and confused one. 
Looss (1902) established the family and included in it two subfamilies 
and seven genera. The non-pharyngeate gorgoderids were placed in the 
Gorgoderinae Lboss, 1899, and included: Phyllodistomum Braun, 1 8 9 9 ;  
Gorgodera Looss, 1899; Gorgoderina Looss, 1902; and Catoptroides Odhner, 
1902. The pharyngeate gorgoderids, assigned to the subfamily Anaporrhu-
tinae Looss, 1901, consisted of the following genera; Anaporrhutum 
Qfenheim, 1900; Probolltrema Looss, 1901; and Plesiochorus Looss, 1901. 
The division of the family into these two subfamilies on the presence 
or absence of a pharynx has been accepted by most gorgoderid authorities 
and is given in Table 1. However, Yamaguti (1958) reviewed the family 
and considered its members to represent six subfamilies (Table 2). Life 
cycles are known for members of only three of the twelve genera; Gorgodera, 
Gorgoderinas and phyllodistomum. 
Table 1. Subfamilies and genera of the family Gorgoderidae (according 
to Goodchild, 1943) 
Subfamily Genus 
Gorgoderinae Gorgodera Looss, 1899 
Looss, 1899 Gorgoderina Looss, 1902 
phyllodistomum Braun, 1899 
Xystretum Linton, 1910 
Macia Travassos, 1922 
Anaporrhutinae Anaporrhutum Qfenheim, 1900 
Looss, 1901 probolitrema Looss, 1901 
plesiochorus Looss, 1901 
Petalodistomum Johnston, 1912 
Staphylorchis Travassos, 1920 
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Table 2. Subfamilies and genera of the family Gorgoderidae (according 
to Yamaguti, 1958) 
Subfamily Genus Def. hosts and No. of Known life 
location of Spp. cycles 
parasite 
Probolitrematinae Probolitrema 
Yamaguti, 1958 Looss, 1902 
Elasmobranchs-
body cavities 
None 
Xystretinae 
Yamaguti, 1958 
Phyllodistominae 
Yamaguti, 1958 
Xystretum 
Linton, 1910 
Gorgotrema 
Dayal, 1938 
Marine fishes-
excretory system 
Freshwater fishes-
excretory system 
Phyllodistomun Marine and fresh- 55 
Braun, 1899 water fishes-
excretory system 
None 
None 
2» caudatum 
2» lohrenzi 
P. simile 
Gorgoderinae 
Looss, 1899 
Plesiochorinae 
Yamaguti, 1958 
Anaporrhutinae 
Looss, 1901 
Gorgodera 
Looss, 1899 
Amphibians- 12 
excretory system 
Amphibians- 15 
excretory system 
Gorgoderina 
Looss, 1902 
Bicornuata 
Pearse, 1949 
Plesiochorus 
Looss, 1901 
Anaporrhutum 
Ofenheim, 1900 
Nagmia 
Nagaty, 1930 
Petalodistomum 
Johnston, 1914 
Staphvlorchis 
Travassos,1920 
Amphibians- 25 
excretory system 
Marine turtles- 1 
gall bladder 
Marine turtles- 1 
excretory system 
Rays - body 1 
cavities 
Rays - body 4 
cavities 
Rays - body 2 
cavities 
Rays - body 1 
cavities 
P. americanum 
P. solidum 
G. cygnoides^ 
(G. loossi) 
G. amplicava 
G. pagenstecheri^ 
G. varsoviensis 
G. vivata^ 
G. atténuata 
G. vitelliloba 
None 
None 
None 
None 
None 
None 
^Not experimentally demonstrated. 
'Not included in Yamaguti (1958). 
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According to Nybelin (1926), the first recorded phyllodistome was 
probably Fasciola umblae Fabricius, 1780, from thekidney of Salmo alpinus. 
In 1899 Braun established the genus Phyl1odistomum to include flukes 
from the urinary bladders of cold blooded vertebrates, including fishes, 
amphibians, and reptiles. Recognizing the diversity of the old genus 
Distoma and apparently unaware of Braun's publication, Looss (1899) re­
moved certain species from Distoma to form a new subfamily, Gorgoderinae, 
containing two new genera: Spathidium and Gorgodera. The genus Spathidium 
contained the fish bladder flukes and Gorgodera, the amphibian bladder 
flukes. Spathidium was later reduced to a synonym of Phyllodistomum, 
according to Looss (1902). 
In 1901 Looss, according to Steen (1938a), removed pharyngeate species 
from the genus Phyllodistomum and placed them in a new genus and subfamily: 
Plesiochorus, Anaporrhutinae. 
According to Cort (1912), Stafford in 1902 was the first to state 
that the number of testes should be used as a basis for the separation of 
Gorgodera into two genera. Looss (1902) was the first to do so when he 
established Gorgoderina for those frog bladder flukes with two testes and 
retained Gorgodera for those with nine testes. At the same time, he 
established the family Gorgoderidae, as mentioned previously. 
Looss (1902) first characterized the genus Catoptroides which had 
been established, but not described, by Odhner in 1902. Catoptroides differed 
from Phyl1odis tomum by having testes symmetrically placed and by the 
presence of sharply demarcated anterior and posterior body regions. That 
these differences were not sufficient to warrant the establishment of bwo 
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genera was indicated by Nybelin (1926). As additional intermediate species 
were described, it became apparent to others (Lewis, 1935; Bhalerao, 
1937; Wu, 1938; and Steelman, 1938a) that these two genera were 
synonymous. Loewen (1929, 1935) described C. lacustri and C. lohrenzi and 
accepted six species of Catoptroides. An investigation by Byrd et al. 
(1940) of the excretory systems of all four genera of the subfamily 
Gorgoderinas, indicated that Catoptroides was most closely related to 
Gorgodera. These four genera were divided into two groups (Gorgodera-
Catoptroides and Phyllodistomum-Gorgoderina) on the basis of the length 
of the common collecting tubules of the excretory system. It should be 
noted that the study compared single species of each genus and that the 
Phyllodistomum representative, P. lohrenzi, had been originally described 
as Catoptroides lohrenzi Loewen, 1935. Jaiswal (1957) reviewed the prob­
lem and agreed with Pigulesvsky (in Skrjabin, 1964) that Catoptroides 
should be regarded as a subgenus of Phyllodistomum. 
The genus Mjcrolecithus Ozaki, 1926, according to Yamaguti (1934), 
is one whose type specimens had been subject to artificial disfigurement 
and hence he considered it to be synonymous with Phyllodistomum. 
Osborn (1903) and Cort (1912) each discussed the relationship of 
Phyllodistomum and Gorgoderina but could reach no decision as to their re­
lationship. They considered the major difference to be that of body shape, 
members of Phyllodistomum being flatter and more spatulate, and those of 
Gorgoderina thicker and more cylindrical. Pande (1937) studied both genera 
and became convinced that only one genus was involved, because five phyl-
lodistome species from fishes lacked the sharply demarcated fore- and 
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hindbodies said to be characteristic of the genus. 
Byrd et al. (1940), in their comparative study of the excretory 
systems, observed that those of Gorgoderina and Phyllodistomum were more 
similar to each other than to other genera of the subfamily. They agreed 
with Pande (193 7) that fore- and hindbody shape is an insufficient basis 
for generic differentiation, but nonetheless agreed with Steen (1938a) 
that the fusion of these genera was subject to question, and concluded 
that the genus Gorgoderina should stand as valid until further study is 
made. 
Dollfus (1958) suggested that the host's class might be used to help 
delimit gorgoderid genera in those cases where morphological and anatomi­
cal criteria were insufficient. However, in his key separating Gorgoderina 
and phyllodistomum,he differentiated them on the basis of body shape and 
listed both fishes and amphibians as hosts of Phyllodistomum, but only 
amphibians as hosts of Gorgoderina. 
Five species of phyllodistomes have been described from the excretory 
systems of North American catfishes of the family Ictaluridae; P. 
staffordi, carolini, p. hunteri, P. lacustri, and P. caudatum. 
In 1904 Stafford describe P. superbum from the urinary bladders of 
the brown bullhead, Ictalurus nebulosus (LeSueur), and from the perch, 
Perca flavescens (Mitchill), of Canada. During a survey of Wisconsin fish 
parasites, Pearse (1924a) established that Stafford had confused two 
species as one. The name P. superbum was retained for the species from 
the perch as it more closely resembled the brief, original description, 
p. staffordi Pearse 1924, the phyllodistome collected from bullheads. 
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was characterized as having the anterior portion of the body sharply set 
off by grooves from the posterior portion of the body. Pearse (1924a,b) 
collected P. staffordi from I. melas (Rafinesque), I, nebulosus, and the 
"mud cat" (probably Pylodictis olivaris, the flathead catfish) in Wiscon­
sin. P. staffordi has also been reported from I. melas in Tennessee 
(Bangham and Venard, 1942), from 1, natal is in Florida (Bangham, 1941), 
from I. natalis and nebulosus in Wisconsin (Fischthal, 1950), and from 
I. nebulosus in Massachusetts (Sinderman, 1953), from I. melas in South 
Dakota (Hugghins, 1959), from_I. nebulosus in North Dakota (personal com­
munication from Glen L. Hoffman, Leetown, W. Va.), from melas in Iowa 
(Waffle and Ulmer, 1965), and from Schilbeodes marginatus (probably 
Noturus insignis, the eastern madtom) in New York (Fischthal, 1956). 
Roll (1929) described carolini from yellow bullheads, natalis, 
in North Carolina and distinguished it from staffordi by its lack of 
grooves separating the fore- and hindbodies. Harms (1960) reported jP. 
carolini from melas in Kansas. 
P. hunteri was originally described as Gatoptroides hunteri by Arnold 
(1934). This parasite of New York brown bullheads, nebulosus, differed 
from P. staffordi "since it has a larger oral sucker-acetabular ratio, a 
longer esophagus, and differently arranged testes." Bangham and Venard 
(1942) reported P. hunteri from jC. nebulosus in Tennessee. 
Wu (1938) and Dawes (1946) concluded that P. carolini and hunteri 
are synonyms of P. staffordi; Jaiswal (1957) and Thomas (1958a) however, 
listed them as separate species; Yamaguti (1958) considered only P. 
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carollni as a synonym of P. staffordl. A more detailed discussion of 
these species will be presented in the section devoted to adult morphology. 
Phyllodistomum lacustri was described by Loewen (1929) as Catop-
troides lacustri from channel catfish, punctatus (Rafinesque), in 
Minnesota. It is the only North American phyllodistome with large papillae 
rimming the hindbody. Bangham and Venard (1942) reported P. lacustri 
from the following hosts in Reelfoot Lake, Tennessee: Fulton cat (j[. 
anguilla, considered as breeding male punctatus by Hubbs and Allen, 
1943), channel cat (^. punctatus), yellow cat (^. natalis), black bullhead 
(_I. melas), and the mud cat (Pylodictis olivaris). lacustri was re­
ported from channel catfish in Kansas (Harms, 1960) and from channel 
catfish and stonecats, Noturus flavus (Rafinesque), in Iowa (Waffle and 
Ulmer, 1965). 
p. Caudatum, described by Steelman (1938a) from black bullheads (_I. 
melas) in Oklahoma, differs from p. staffordi and P. lacustri in having 
a caudal projection and larger oral sucker-acetabular ratio. It has also 
been reported from I. natalis and _I. melas in Kansas (Harms, 1960). 
The first gorgoderid life cycle demonstrated in North America was 
that of Gorgodera amplicava Looss, 1899. Using laboratory-raised hosts, 
Krull (1933, 1935) demonstrated Musculium partumeium to be the first 
intermediate host, and Rana clamitans the definitive host. Hunt (1950, 
1951) traced the cycle of G. vivata from Sphaerium simile through second 
intermediate hosts to the definitive host, but was unable to infect 
simile with miracidia. Second intermediate hosts were crayfish, Sialis 
larvae, and anisopteran and zygopteran naiads. 
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Rankin (1939) elucidated the first North American cycle in the genus 
Gorgoderina, when he published an account of G. atténuata Stafford, 1902. 
Sphaerium occidentale is the host for both sporocyst generations, and 
cystocercous cercariae are produced. Tadpoles are second intermediate 
hosts, and several species of Rana, as well as Triturus viridescens serve 
as definitive hosts. Lees (1953) reported miracidia of Gorgoderina 
vitelliloba to enter Sphaerium spp- and Pisidium spp. He fed cercariae 
to Rana temporaria and obtained metacercariae which were infective to 
adult R. temporaria. 
The first phyllodistome cycle completed in North America was reported 
by Crawford in two abstracts. In 1939 he stated that the cycle of P. 
americanum includes Pisidium sp., damselfly naiads or caddisfly larvae, 
and Bufo boreas. In 1940 he added Ambystoma tigrinum and diving beetles 
as hosts, but indicated the fluke as Phyllodistomum sp. 
Goodchild (1940, 1943) reported the life cycle of P. solidum, whose 
definitive host is a salamander (Desmognathus fus eus) and whose inter­
mediate hosts are a fingernail clam (Pisidium abditum) and odonatan 
naiads (Ischnura, Agria, Enallagma, and Libellula). Groves (1945) added 
another salamander, Eurycea bislineata, as an occasional definitive host, 
Pisidium pusilium as another first intermediate host, and larval D. fuseus 
as an additional second intermediate host. More adults were recovered 
from a known number of cercariae when the metacercarial host was a larval 
salamander and not a naiad. 
Beilfuss (1954, 1957) implicated Musculium transversum and trichop-
teran larvae (Oecetis and Leptocella) as intermediate hosts of P. lohrenzi, 
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a bladder fluke of the green sunfish (Lepomis cyanellus). He reported 
Musculium elevatum as the first intermediate host of P. caudatum from the 
black bullhead, Ictalurus melas. Adults of either phyllodistome species 
could be obtained by feeding encysted metacercariae from daughter sporo-
cysts to the respective fish hosts. 
In Wales, Thomas (1958b) demonstrated Sphaerium corneum to be the 
host for daughter sporocysts, cercariae, and precocious metacercariae of 
P. simile, a parasite of brown trout (Salmo trutta). 
Adults of P. folium, P. macrobrachicola, P. lesteri, and P. srivastavai 
have been obtained by feeding metacercariae to their respective hosts ac­
cording to Rai (1964), but early larval stages of these species are un­
known . 
Early in the 20th century, European workers reported and postulated 
several gorgoderid life cycles. Because much of their work has been con­
sidered contradictory and confusing (Nybelin, 192 6; Steen, 1938a; and 
Goodchild, 1943) it will not be included here. The most notable of these 
workers was Sinitzin who reported cycles of P. folium, Gorgodera cygnoides 
(G. loossi), G. pagenstecheri, G. varsoviensis, and Gorgoderina vitelliloba. 
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III. MATERIALS AND METHODS 
Data presented in this investigation were obtained from June, 1963 
through August, 1966 at Iowa Lakeside Laboratory (on Lake West Okoboji, 
Dickinson County, Iowa), at Iowa State University (Ames, Iowa), and at 
Trumbull Lake (Clay County, Iowa), Intensive studies on seasonal dis­
tribution of P. staffordi and of its various hosts were carried on in the 
Trumbull area. 
Infected bullheads were most easily obtained with seine or fishing 
pole in the pool below the dam. on the west side of Trumbull Lake. Bull­
heads concentrated there after swimming upstream from shallower areas of 
- the spillway and after having been carried over the dam during floods. 
Fish were transported to the laboratory in milk cans and were maintained 
in them or in concrete tanks. 
All bullheads listed in collection data were examined shortly after 
collection and were killed immediately before examination to minimize 
the possibilities of parasite migration after the death of the host. 
The complete excretory system was removed intact. After the bladder was 
dissected in lake water, the kidneys with intact ureters were pressed 
gently between two plates of glass and examined with a dissecting micro­
scope. Young flukes were removed from ureters with insect pins and pipette. 
Adult worms were fixed with little or no pressure either in AFA or warm 
10 per cent formalin. Whole mounts were most satisfactorily stained in 
Mayer's paracarmine and fast green. Some infected excretory systems 
were fixed immediately in AFA, sectioned, and stained with various stains 
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(Harris's and Delafield's haematoxylins with eosin counterstain, Heiden-
hain's haematoxylin, azan triple, or Mallory*s triple). 
Bullheads used for experimental definitive hosts came from two 
sources. In 1963 a few fingerlings were obtained from Lake West Okoboji 
where the infection had never been reported. Laboratory reared bullheads 
were obtained by collecting eggs from Lake Okoboji in 1954 and were main­
tained throughout the remainder of the investigation. These eggs were 
surface sterilized with malachite green (Davis, 1953). Fry, maintained 
in slowly running, filtered lake water, were given frequent feedings of 
commercial trout food (Glencoe Mills, Inc., Glencoe, Minn.), larval brine 
shrimp, egg yolk, raw beef, and liver. An unidentified, filamentous or­
ganism almost eradicated the fingerlings. This infection resembled gill 
disease (Davis, 1953) and the addition of commercial vitamin B to the water 
seemed to drastically reduce the death rate. Daily additions of vitamins 
and fresh meat were continued until the fish were several months old. 
During the winter months, bullheads were maintained under aeration in 10 
or 15 gallon aquaria of artificial spring water (Needham et al. 1937). 
Naturally infected clams were most easily obtained south of the 
Trumbull Lake dam or in the bay north of the dam. Clams, obtained with a 
scraper net or dip net, were sporadic in their distribution, but tended 
to be near plants. After transportation to the laboratory in buckets of 
lake water, clams were separated into individual or group containers, 
which were examined frequently for cercariae. Shedding clams were isolated 
and required more intensive care than did non-infected ones. 
After numerous futile attempts to obtain laboratory reared clams, a 
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limited number of specimens large enough for exposure were obtained in 
July, 1966, using the following methods. Clams from ponds, lakes, and 
creeks were brought into the laboratory and the first young released from 
the marsupia of the parent were placed in separate containers. Such 
young are larger and more vigorous than smaller clams released later. 
These smaller clams were discarded after numerous attempts to rear them 
indicated that they grow slowly and seldom attain the 2.5-3 mm size needed 
for successful infections. Laboratory reared clams were maintained in 
small aquaria with slight aeration. Either lake water or artificial spring 
water in which laboratory reared fish or snails had been maintained for 
some time was used and was saturated with calcium carbonate. Aquaria 
were usually kept in a semi-darkened area and contained vascular plants. 
Temperature, an extremely critical factor, was kept constantly between 15 
and 24°C. Clams were fed several times a week on algal cultures and the 
supernatant of a baby food spinach and liver mixture (Thomas, 1954). 
Large clams from various areas were maintained as above prior to ex-
posute to miracidia. 
Miracidia, obtained by placing a fluke in boiled lake water for 
several hours, were fixed in hot 10 per cent formalin for measurement. 
Some were fixed and stained in silver nitrate for study of epidermal 
plates. 
Sporocysts were obtained by dissecting infected clams in lake water. 
Living sporocysts were observed in situ after one gill lamella had been 
removed. Various combinations of neutral red and Nile blue sulphate were 
used as vital stains. Permanent whole mounts of sporocysts were made by 
fixing the clam gill under very slight coverslip pressure in AFA, staining 
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with Mayer's paracarmine and fast green, and mounting in Permount. Whole 
clams were fixed and decalcified in Bouin's fixative, sectioned, and 
stained with Gomori's trichrome and the other stains employed in prepara­
tion of sectioned adult worms. 
Living cercariae and metacercariae were observed unstained and with 
the vital stains listed previously. Fish and various arthropods were 
starved prior to exposing them to living cercariae or to infected pieces 
of clam gill. Permanent whole mounts of cercariae and metacercariae were 
made by fixing larvae in hot AFA, 10 per cent formalin, or 70 per cent 
alcohol, staining with Mayer's paracarmine and fast green, and mounting 
in Permount. 
Most drawings were made with the aid of a Leitz microprojector. 
Drawings of living, developing cercariae were made by using a grid ocular 
and graph paper. 
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IV. LIFE GYGLE-«GENERAL STATEMENT 
Adult Phyllodistomum Stafford!, parasites of the excretory system 
of the black bullhead (Ictalurus melas), produce fully embryonated eggs 
which hatch in water. Miracidia penetrate gills of the fingernail clam 
Sphaerium lacustre, where they develop into mother sporocysts in the 
lamellae and the interlameliar spaces. 
The long, coiled mother sporocysts produce numerous shorter, less 
coiled daughter sporocysts. The latter penetrate all soft tissues of 
the clam, but only those in the interlamellar gill spaces and lamellae 
produce cercariae. Emerged daughter sporocysts were first observed four 
weeks after clam exposure, and were produced continuously for at least 
eleven weeks. 
Gercarial embryos were first recognizable at seven weeks and fully 
developed cercariae were first shed eight weeks after clam exposure. 
Macrocercous cercariae produced within the daughter sporocysts may emerge 
from the clam or may encyst as metacercariae within the same daughter 
sporocyst that produced them. Metacercariae are ingested by bullheads 
feeding on infected clams. Within the digestive tract of the fish, meta­
cercariae excyst and migrate to the excretory system. Non-gravid worms 
are usually found in the ureters and gravid worms in the bladder. 
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V. ADULT 
A. Morphology 
The worms recovered in this study conform, in general, to the de­
scriptions given by Pearse (1924a) and Loewen (1929) for JP, staffordi. 
The original description given by Pearse (1924a) does not include methods 
of fixation and apparently measurements were based upon a single 4.1 
mm long specimen. In this study, 10 stained, mounted specimens ranging 
in length from 1.61 to 4.97 mm were measured (Table 3) and compared with 
Pearse*s measurements of P, staffordi. Five of these flukes were the 
smallest gravid worms collected, and the remaining five were fully grown, 
over 3 mm long. Additional specimens were sectioned in situ for details 
of the reproductive tract and pathology. 
At acetabular level, the narrowed forebody is sharply set off from 
the large, discoidal hindbody (Figure 1). The hindbody is rimmed with 
small crenations, best seen when the body is contracted. Pearse (1924a) 
referred to these as "minute papillae". No large papillae, such as those 
occurring on the hindbody of P. lacustri (Figures 8, 9, 10) are present. 
The oral sucker is slightly longer than wide, and is smaller than the 
nearly circular acetabulum (Table 3). The short, somewhat convoluted 
(especially in older specimens) esophagus leads to two wide caeca ex­
tending almost to the posterior end of the worm, in freshly collected 
specimens, caeca usually contain a yellowish substance. 
The reproductive organs, located ventral to the caeca and in the 
anterior half of the hindbody consist of paired vitellaria, a single 
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Table 3. Average measurement (in mm) of ten gravid Phyllodistomum 
staffordi from urinary bladders of Ictalurus melas collected 
at Trumbull Spillway 
Average Maximum Minimum 
Body length x width 2.93 75 x 1.9805 4.97 x 3.23 
Oral sucker 
Acetabulum 
Vitellaria 
Ovary 
Ant. testis 
Post, testis 
Mature eggs 
0.34035 X 0.3 2 75 5 0.47 x 0.47 
0.4164 X 0.4386 
0.1625 X 0.154 
0.1684 X 0.2205 
0.2075 X 0.24705 
0.22915 X 0.2875 
0.60 X 0.61 
0.32 X 0.255 
0.27 X 0.37 
0.41 X 0.56 
0.44 X 0.66 
1.61 X 0.84 
0.22 X 0.24 
0.24 X 0.25 
0.064 X 0.056 
0.056 X 0.109 
0.073 X 0.070 
0.059 X 0.098 
0.027745 X 0.02026 0.0369 x 0.0295 0.020 x 0.014 
ovary, and paired testes (Figure 1). The deeply lobed vitellaria vary 
considerably in shape and size and are located slightly posterior to the 
acetabulum and to either side of the midline (Figure 6). The slightly 
notched to deeply lobate ovary lies immediately posterior to and slightly 
lateral to either clump of vitelline follicles. The oviduct extends 
medially from the mid-dorsal surface of the ovary to the Mehlis's gland. 
In the region between the ovary and vitellaria, the oviduct usually di­
lates before continuing toward the Mehlis* gland. Laurer's canal, seen 
most clearly in young adults, joins the oviduct near the Mehlis* gland 
and extends toward the dorsal body surface, but its pore is not clearly 
seen. A seminal receptable is lacking. The oviduct passes anteriorly to 
the region of the Mehlis* gland where it fuses with the common vitelline 
duct from the vitelline reservoir. From the region of the Mehlis' gland, 
the uterus passes into the hindbody where it coils before extending 
anteriorly to enlarge as the metraterm near the genital pore. Uterine 
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coils vary in their lateral extent in accordance with age and the nuaiber 
of eggs present. When the uterus has attained maximum development its 
coils may extend almost to the body margins (Figure 1). In older speci­
mens, following release of many eggs, uterine coils tend to be restricted 
to the intercaecal region and often occur in clumps (Figure 4). 
The anterior testis is located opposite the ovary and posterolateral 
to the vitellaria. The posterior testis occurs just posterior to the 
ovary and slightly closer to the midline. The posterior testis is usually 
larger than the anterior, and the ovary is smaller than either testis. 
Especially in large specimens collected in late summer, testes show signs 
of atrophy along their edges and the number of lobes is difficult to dis­
cern. Growell (1949) noted a similar phenomenon in p. lohrenzi and sug­
gested a possible relationship between it and senescence. The genital 
pore lies posteromedial to the esophageal bifurcation and emptying into 
it are the metraterm and seminal vesicle. 
The entire extent of the vas efferens, extending from each testis 
and uniting to form the vas deferens, could not be traced in whole mounts 
or in sections. . The union must occur posterior to the anterior level of 
the Mehlis' gland, as the vas deferens could be traced from that region 
to the enlarged seminal vesicle. A few prostate glands are present but 
no cirrus pouch or ejaculatory duct were observed. 
Younger flukes may be differentiated from full grown specimens by 
their smaller size, less well developed hindbody, longer esophagus in re­
lation to body length, fewer eggs, and less lobation of the reproductive 
structures. 
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Morphological features of P. staffordi noted above necessitate cer­
tain modifications of the specific diagnosis as originally published by 
Pearse (1924a). The modified diagnosis and measurements based on a study 
of ten gravid worms, aire presented below with major changes indicated by 
underscorings. 
Phyllodistomum staffordi Pearse 1924 
Type; Cat. No. 7624, U. S. National Museum; Lake Michigan, Sturgeon 
Bay, Wisconsin; July 21, 1920. Other specimens were found in Ictalurus 
melas (Rafinesque). 
Hosts: brown bullhead, Ictalurus nebulosus (LeSueur) 
black bullhead, I. mela's~(Rafinesque) 
yellow bullhead, I. natalis (LeSueur) 
Location; urinary bladder and ureters. 
Length of body o£ gravid worms 1.61-4.97 mm; width, 0.84-^ .23 mm. 
Diameter of oral sucker, 0.22-0.47 mm; acetabulum, 0.24-0.61 mm. Eggs, 
0.020-0.0369 by 0.014-0.0295 mm. Anterior quarter of body narrow, 
flattened, may be sharply set off from the posterior portion by a groove, 
especially in older specimens. Behind the middle of the acetabulum the 
body is discoidal, being nearly circular in outline; the margins are 
thin, but not crinkled, and are covered with minute papillae. Esophagus 
short—a little less than the diameter of the oral sucker in length, 
especially in older specimens. Intestinal rami quite wide and extending 
to the posterior eight of the body. 
Genital pore median, usually located nearer to the esophageal bi­
furcation than to the acetabulum. Reproductive structures lobate, lying 
between the caeca and consisting of a pair of vitellaria, a single ovary, 
and a pair of testes. 
Two vitelline glands, located one on either side of the Mehlis*. 
gland, varying in position from ventral to slightly posterior to the 
acetabulum. Ovary posterolateral to either of the vitellaria. Oviduct 
extending medially from the mid-dorsal surface of the ovary and joining 
Laurer'"s"canal in the region of the Mehlis• gland and odt'ype. At this 
point the common vitelline duct joins the oviduct. From the region of 
the ootype, the uterus loops posteriorly and extends into the hind body 
where it coils extensively before passing anteriorly to the metraterm. 
When fully developed, uterine coils may extend beyond the caeca towards 
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the edges of the hindbody. Eggs usually evenly packed within uterus but 
may appear in discontinuous groups after many of the eggs have been shed. 
Anterior testis posterolateral to vitellaria and situated opposite 
ovary. Posterior testis, usually slightly larger than the anterior, 
lies on the same side as the ovary. Both testes usually more lobate and 
larger than ovary; and, in older worms, may be slightly atrophied along 
their edges. Vas deferens extends from junction of vas efferens to seminal 
vesicle at the common genital pore. 
B. Comparison of Phyllodistomes from Ictalurid Gatfishes 
The five species of phyllodistomes reported from North American 
ictalurid catfishes all resemble one another in the number and general 
arrangement of lobate reproductive organs and in the division of the body 
into a narrow forebody and a discoidal hindbody. During this study, 
specimens of all five species were obtained from the U. S. National Museum 
and compared with specimens of P. carolini from Kansas (courtesy of Clarence 
Harms, Tabor College, Hillsboro, Kansas), P. lacustri from Iowa, and with 
an extensive collection of P. staffordi from Iowa, primarily Trumbull Lake. 
Distribution and host records discussed in the historical review section 
will be briefly mentioned here. 
Two of the five catfish phyllodistomes, P. lacustri and P. caudatum, 
are distinct from the other three. lacustri (Loewen, 1929) (Figures 8-
10) differs in having the discoidal hindbody rimmed with large papillae 
and in utilizing the channel catfish and stonecat as common hosts. The 
other four species are primarily parasites of bullheads and lack the large 
marginal papillae, although very small ones may be present. 
p. Cauda turn Steelman, (193% (Figure 3) differs from the other four 
catfish phyllodistomes in bearing a caudal projection and in having a 
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smaller oral sucker-acetabular ratio. Beilfuss (1954) outlined the life 
cycle as follows: adult in the urinary bladder of Ictalurus melas, mother 
and daughter sporocysts in the gills of Sphaerium elevatum, and cercariae 
either encysted as metacercariae within the daughter sporocysts or free 
swimming. No second intermediate host for the free cercariae (described 
as G. raiacauda Steelman, 1938) was found. 
The remaining three phyllodistome species reported from ictalurid 
catfishes have been reported primarily from bullheads. staffordi has 
been reported from all three bullhead species; P. carolini from natalis 
and I. melas; and P. hunteri from I. nebulosus. 
The first of these three to be described, p. staffordi Pearse, 1924, 
was characterized as having the discoidal hindbody set off from the fore-
body by a groove, as having a short esophagus, and as having a uterus 
which "does not come close to the lateral or posterior margins; its coils 
do not lie very close together and do not contain a continuous series of 
eggs, but discontinuous groups" (Pearse, 1924a). The discoidal hindbody 
is smoothly rounded and rimmed with small papillae (Figures 4, 5). 
Ho11 (1929) described P. carolini (Figure 2) and distinguished it 
from p. staffordi by the lack of a groove separating fore- and hindbodies. 
Testes of P. carolini extend into the posterior quarter of the body and 
the uterus extends close to the margins of the body and contains eggs in 
a continuous series. 
2» hunteri (Arnold, 1934) was differentiated from 2» staffordi "since 
it has a larger oral sucker-acetabular ratio, a longer esophagus, and 
differently arranged testes" (Arnold, 1934). Bhalerao (193 7) characterized 
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P. hunteri (Figure 7) as having testes in the posterior half of the dis-
coidal part. 
Individual and seasonal variations among the bullhead phyllodistomes 
of Trumbull Lake are considerable. However, careful study of hundreds of 
specimens indicates that only one species from this host was recovered 
during this investigation. Since the eggs are primarily intracaecal and 
the testes are located in the anterior half of the discoidal part, these 
phyllodistomes (Figure 1) are considered as P. staffordi. They differ, 
however, from worms previously attributed to this species (Figures 4-5) 
in usually lacking a sharp groove separating fore- and hindbodies and in 
having their eggs in continuous series, except in late summer after the 
majority of the mature eggs have been shed. The groove has since been 
shown to be an artifact of fixation due to the contracted condition when 
killed (Lewis, 1935) and is not a valid character. Examination of the type 
specimen (Figure 4) described by Pearse (1924a) as well as an additional 
specimen from the same bullhead (Figure 5) indicates that these are fully 
grown adults. According to the slide label (U.S.N.M. Helminthological 
collection number 7624) and original description, they were collected 
on July 21, 1920. They both contain a few extracaecal eggs and both extra-
and intracaecal eggs occur in clumps. It is not known if these specimens 
were fixed immediately after collection or were allowed to release their 
eggs in water before fixation. The testes of both specimens appear to 
have undergone atrophy on their margins, an indication~6f an old specimen 
or one held too long before fixation. Since it is not possible to deter­
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mine the course of the uterus within the hindbody of the type specimen 
because of the clumped distribution of eggs, the pattern is not considered 
a valid specific character. 
Trumbull Lake specimens resemble P. carolini in having eggs in con­
tinuous groups, in having the uterus extend extracaecal ly, and in usually 
lacking the groove separating fore- and hindbodies. As discussed above, 
these characters are not considered as valid. The posterior testis of the 
type specimen of carolini, as illustrated by Holl (1929), extends 
slightly into the posterior fourth of the body. The paratype specimen 
(Figure 2) contains eggs in scattered clumps, only a few of which are 
extracaecal, and the testes do not extend into the posterior fourth of 
the body. Until the life cycle of P. carolini is elucidated and compared 
with that of P. staffordi, the status of the former species remains ques­
tionable and is hence not included in a key to species of the genus pre­
sented below. However, on the basis of present evidence, I am inclined 
to concur with Wu (1938), Dawes (1946), and Yamaguti (1958) that they are 
synonymous. 
Adults of staffordi from Trumbull Lake differ from p. hunteri 
(Figure 7) in having their testes placed more anteriorly and in having a 
smaller oral sucker-acetabular ratio. On these two criteria, it is con­
sidered probable that hunteri may be distinct from P. staffordi, although 
a thorough life cycle study of the former is needed. 
A key to the known species of phyllodistomes parasitizing ictalurid 
catfishes is presented below; 
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KEY TO SPECIES OF PHYLLODISTOMUM PARASITIZING IGTALURID GATFISHES 
1. Hind body rimmed with large papillae; parasites of channel 
catfish and stonecats P. lacustri 
Hind body not rimmed with large papillae but 
may be rimmed with small papillae; parasites 
of bullheads 2 
2. Caudal projection present P. Caudaturn ' 
Caudal projection absent 3 
3. Testes extending into posterior half of discoidal 
hindbody P. hunteri 
Testes not extending into posterior half of 
discoidal hindbody P. staffordi. 
G. Pathology 
P. staffordi apparently causes little damage to the excretory system 
of its definitive host. In only a few heavy infections (eight or more 
worms per bladder) was hemorrhage observed on the surface of the urinary 
bladder. The parasite's caeca, usually filled with a bright yellowish, 
amorphous substance, were commonly visible through the bladder wall. The 
latter was frequently distended by the presence of a large worm or by 
groups of them. 
P. staffordi is usually attached by the acetabulum (Figure 11) and 
occasionally by the oral sucker to the walls of the bladder and ureters. 
Transitional epithelium and associated connective tissues of the bladder 
wall are frequently drawn into the lumen of the acetabulum, but muscles 
of the bladder wall appear unaffected by the presence of the parasite. 
Slight erosion of the bladder epithelium was noted in a few instances. 
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Young flukes in the ureter lie free or may be attached in a similar 
fashion (Figure 12). 
D. Natural Infections 
An intensive search made for Phyllodistomum staffordi in bullheads 
from the Okoboji area indicated its presence in urinary bladders and 
ureters of Ictalurus melas from Trumbull Lake, Little Sioux River, Milford 
Creek, Dugout Greek, and Lost Island Lake. Trumbull Lake and spillway 
were selected as the primary areas for this study, due to the relative 
ease of obtaining adequate material. 
All of the following data refer to bullheads collected in Trumbull 
spillway from August, 1963 through August, 1966. All fish were in good 
health and were killed immediately before the examination of the complete 
excretory system. All examinations were made within the same month that 
specimens were collected. Approximately 50 per cent (330) of the 663 
bullheads were infected (Table 4). 
Fullgrown flukes are restricted to the urinary bladder but smaller 
flukes, although occasionally found in the bladder, are almost always in 
the ureters. Of 681 flukes collected from the bladder, 617 (90.6 per 
cent) were gravid and 64 (9.4 per cent) were non-gravid (Table 5). In 
contrast, 89.7 per cent (87) of 97 worms collected in the ureters of the 
same fishes were not gravid. Ten gravid worms (10.3 per cent) from the 
ureters contained only a few eggs each and were found in only three 
fish collected during 1964-65. The first of these fish was collected 
in August and contained in the bladder a very small, excysted worm. 
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Table 4. Incidence of natural infection of Phyllodistomum staffordi in 
the black bullhead, Ictalurus mêlas from Trumbull Spillway 
(B = urinary bladder, U = ureter, t = infected, - = negative) 
Number of fish Percentage of fish 
Date B+ B+ B*" B" Total Total B+ B+ B»^ B^ Total % 
U+ U- U+ U- inf. fish U+ U- 11+ U- of inf. 
1963 Aug. 4 3 - 2 7 9 44.4 33.3 12.5 22.2 77.8 
Sept. 1 3 1 3 5 8 12.5 37.5 12.5 37.5 62.5 
1964 May 5 3 3 4 11 15 33.0 20.0 20.0 27.0 73.0 
June 1 30 - 16 31 47 2.1 63.8 — 34.0 66.0 
July 19 1 35 20 55 - 34.5 1.8 63.6 36.4 
Aug. 1 18 - 20 19 39 2.6 46.1 — 51.3 48.7 
Sept. 2 10 3 6 15 21 9.5 47.6 14.3 28.6 71.4 
Oct. 
-
- - - - - - - -
Nov. « - - - - - - - -
Dec. 8 55 
-
48 63 111 7.2 49.6 
-
43-.2 56.8 
1965 Jan. 11 14 9 27 34 61 18.0 23.0 14.7 44.3 55.7 
rSu • 
March 
April - - - - - - ^ M - - -
May 1 9 -I 31 10 41 2.4 22.0 - 75.6 24.4 
June - 35 - 60 35 95 - 36.8 63.2 36.8 
July 2 28 - 23 30 53 3.8 52.8 — 43.4 56.6 
Aug. - 11 - 8 11 19 - 57.9 — 42.1 57.9 
Sept. 3 8 1 10 12 22 13.6 36.4 4.5 45.5 54.5 
Oct. 
- - - - - - — — - - -
Nov. 
-
- - -
-
- — — — 
- -
Dec, 
— - — 
-
- - — - - -
1966 Jan. 
Feb. — 3 - 3 3 6 - 50.0 — 50.0 50.0 
March - - - - - - - - -
April 
- - - - -
- -
- -
May 
June 5 9 5 14 - 35.7 64.3 35.7 
July - 8 - 12 8 20 - 40.0 — 60.0 40.0 
Aug. 1 8 2 16 11 27 3.7 29.6 7.4 59.3 40.7 
Total 40 2 70 20 333 330 663 
Total 6.03 40.72 3.02 50.23 49.77 100.0 
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Table 5. Gravidity of Phyllodistomum staffordi in the definitive host 
Condition of adult Worms in bladder Worms in ureter 
No. % No. % 
Gravid 617 90.6 10 10.3 
Non-gravid 64 9.4 87 89.7 
similar in size and development to that of the metacercaria, and three 
larger, gravid worms in the ureters. The second fish, collected in December, 
harbored 24 flukes in the bladder and six in the ureters. All 30 worms 
from this host were almost identical in size and all, except three in the 
ureters, were gravid. The third bullhead, collected in January, contained 
three full sized worms in the bladder and one smaller, gravid worm in the 
ureters. Non-gravid flukes in both bladder and ureter formed a series 
ranging from metacercarial-like worms with no enlarged hindbody and 
gonadal lobing to worms otherwise indistinguishable from those in which 
egg production had just begun. It is probable that full grown flukes, 
because of their larger size, are limited to the bladder and that smaller 
flukes may wander at random but tend to remain in the ureters. 
The number of fish containing worms in the bladder was considerably 
higher than those containing worms in the ureters (Tables 4—5 and Graph 1). 
Worms are found in the bladder throughout the year. Worms in the ureters 
tend to be small and metacercaria- like in late summer but develop through­
out the winter and migrate into the bladder the following spring so that 
almost no flukes are harbored in the ureters by June and early summer. 
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Apparently the size and sex of the fish host (Tables 6-7) have little 
influence on the infectivity of the parasites, as indicated by the per­
centage of infection. 
The 330 infected bullheads examined harbored from 1«30 flukes each 
(Table 8). Most contained only a few worms. Almost half (48.5 per cent) 
contained a single worm and almost 95 per cent contained six or fewer 
worms. Only six fish, ranging from 11.5-26 cm. in length, contained ten 
or more worms. Three of these fish, contained no flukes in the ureters 
but contained 10, 11, and 17 flukes respectively in the bladders and were 
collected in June and August. Another fish, collected in August, contained 
seven flukes in the bladder and four in the ureters. One bullhead from a 
May collection contained four adult flukes in the bladder and six in the 
ureters. The most heavily infected fish, taken in December, contained 24 
in the bladder and six in the ureter, as mentioned previously. 
The greatest numbers of flukes per bladder were 24, 17, 11, and 10, as 
mentioned previously. The maximum number of flukes found in the ureters of 
a single fish was seven, obtained in each of two fish collected in December 
and August, respectively. These fish were 12 and 14.5 cm. long, respec­
tively, and contained one or two flukes in the bladder. 
During the entire study, other fish species were occasionally examined 
for gorgoderids in the excretory system. Two other phyllodistome species 
were recovered (Table 9). lysteri was obtained from one white sucker in 
Trumbull Lake. P. lacustri was obtained from channel catfish (Figure 10) 
in the Little Sioux River and from stonecats (Figure 9) in Big Meadow 
Creek and Rock River. 
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Table 6. Relationship of definitive host length to percentage of in­
fection with adults of Phyllodistomum staffordi 
Host length Total number Number Number Per cent 
(cm.) fish infected negative infected 
4 1 1 - 100.0 
5 2 — 2 00.0 
6 19 12 7 63.2 
7 23 17 6 73.9 
8 15 9 6 60.0 
9 12 7 5 58.3 
10 35 19 16 54.3 
11 67 30 37 44.8 
12 68 39 29 57.4 
13 52 32 20 61.5 
14 52 23 29 43.5 
15 75 40 35 53.3 
16 53 25 28 47.2 
17 48 22 26 45.8 
18 36 9 27 25.0 
19 34 16 18 47.1 
20 24 11 13 45.8 
21 18 4 14 22.2 
22 8 3 5 37.5 
23 7 2 5 28.6 
24 5 4 1 80.0 
25 6 3 3 50.0 
26 3 2 1 66.7 
Total 663 330 333 
Table 7. Relationship of sex of definitive host to infection with 
Phyllodistomum staffordi 
Male fish Female fish 
Number Per cent Number Per ' cent 
Infected 126 50.6 101 45 .0 
Non-infected 123 49.4 121 55 .0 
249 100.0 222 100 .0 
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Table 8. Number of adult Phyllodistomum staffordi per infected fish 
Number Number Per cent 
worms/ fish infected 
fish examined fish 
1 160 48.5 
2 71 21.5 
3 37 11.2 
4 22 6.7 
5 10 3.0 
6 13 3.9 
7 6 1.8 
8 4 1.2 
9 1 0.3 
10 2 0.6 
11 2 0.6 
12 0 0.0 
13 0 0.0 
14 0 0.0 
15 0 0.0 
16 0 0.0 
17 1 0.3 
18 0 0.0 
19 0 0.0 
20 0 0.0 
21 0 0.0 
22 0 0.0 
23 0 0.0 
24 0 0.0 
25 0 0.0 
26 0 0.0 
27 0 0.0 
28 0 0.0 
29 0 0.0 
30 1 0.3 
Total 330 
Table 9. Definitive hosts, other than bullheads, examined for phyllodistomes 
Scientific name Common name No. examined Collection area Phyllodistomes 
Catostomus commersoni 
(Lacepede) 
Pimephales promelas 
Rafinesque 
Notropis stramineus 
(Cope) 
N. heterolepis 
Eigenmann and Eigenmann 
Semotilus atromacûlatus 
(Mitchill) 
Lepomis cyanellus 
Rafinesque 
L. humilis (Girard) 
Etheostoma nigrum 
Rafinesque 
Perca flavescens (Mitchill) 
Bsox lucius 
Linnaeus 
Fundulus diaphanus(LeSueur) 
Noturus gyrinus 
(Mitchill) 
white sucker 
fathead minnow 
sand shiner 
blacknose shiner 
creek chub 
green sunfish 
yellow perch 
northern pike 
banded killifish 
tadpole madtom 
Trumbull Lake 
10 Trumbull spillway 
Trumbull spillway 
Trumbull spillway 
Trumbull spillway 
orange spotted sunfish 1 
Johnny darter 4 
4 
7 
6 
17 
PoSo(l of 1) 
Neg. 
Neg. 
Neg. 
Neg. 
Trumbull spillway and Neg. 
Big Meadow Creek 
Trumbull spillway Neg. 
Trumbull spillway Neg. 
Little Sioux River Neg. 
and Trumbull Lake 
Little Sioux River, tJég» 
Trumbul1 Lake and 
spillway 
Trumbull Lake and Neg. 
spillway 
Little Sioux River, Neg. 
Trumbull spillway, and 
Big Meadow Greek 
Table 9. (Continued) 
Scientific name Common name no. examined Collection area phyllodistomes 
Noturus flavus stonecat 15 Big Meadow Creek (6) Pos.(4 of 6) 
Rafinesque Rock River and other 
parts of Little Sioux 
drainage pos,(2 of 9) 
Ictalurus punctatus channel catfish 30 Little Sioux drainage Pos,(15 of 30) 
(Rafinesque) system 
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VI. EGG 
Mature eggs of P. Stafford! are oval, non-operculate and possess 
light brown shells. Twenty intra-uterine eggs, measured in worms fixed in 
AFA, stained with Mayer's paracarmine and fast green, and mounted in Permount, 
averaged 31.5 x 25.3 microns in length and ranged from 27.1-36.9 x 22.1-29.5 
microns. Within most gravid worms, a complete series was observed from the 
developing egg containing only a small miracidial embryo and numerous yolk 
cells to the larger, mature egg containing a fully developed miracidium. 
Motile miracidia may be observed within most mature eggs within the 
distal uterine coils. Following the death of the flukes in lake water, 
free-swimming miracidia may commonly be seen within the uterus. Eggs 
are probably released into the urine of the definitive host and hatch 
shortly after reaching water. No free-swimming miracidia were observed in 
the urine of ten fish containing two to twenty-four gravid worms each 
(average six worms per bladder). Further evidence that urine is not the 
usual hatching medium is that one fluke, containing over 50 eggs with motile 
miracidia, yielded only a few larvae when macerated in bullhead urine. 
Worms maintained in distilled water yielded a few miracidia whose viability 
was poor. Lake water was the most successful hatching medium. As many 
as 100 miracidia per fluke were obtained when worms were maintained or 
dissected in water, although most worms yielded well under fifty. Eggs 
and shells, extruded either singly or in loose clumps, were commonly ob­
served near the genital pore. The miracidium is most commonly released by 
a longitudinal splitting of the egg shell or, occasionally, by a break 
in the shell at either end. 
34 
VII. MIRÀGIDIUM 
Covering the miracidium of P. staffordi are fifteen ciliated epidermal 
plates arranged in three tiers (Figure 14), as previously described by 
Wootton and Peters (1957). Each of the six plates in the anterior tier 
is somewhat triangular and is usually twice as long (approximately six­
teen microns) as wide. The six plates in the middle tier are square to 
rectangular and vary in size from 17.1 x 16.0 to 10.2 x 14.8 microns. 
The three posterior plates appear as large, equilateral triangles. Ten 
miracidia fixed in hot 10 percent formalin and measured without coverslip 
pressure averaged 43.8 x 30.0 microns and ranged from 41.8-46.7 x 27.1-
36.9 microns. 
Living miracidia (Figure 15) are usually oval to pyriform and move 
forward at a rapid rate with slow rotation on their longitudinal axes. 
Freshly hatched miracidia are much more active than older ones. Miracidia 
live twelve to eighteen hours at room temperature and up to twenty-four 
hours under refrigeration. Miracidial locomotion is usually in a straight 
line with sudden, sharp changes in direction. No definite response to 
light or to the presence of clams could be detected. 
A small, non-ciliated depression on the anterior end of a living 
miracidium probably represents the terebratorium. Stylet, eyespots, and 
apical papilla were not seen. The cilia are 5.7-7.0 microns long and are 
uniformly distributed over the entire body. 
Internal structures were most easily observed in larvae mounted in 
methyl cellulose and stained with dilute aqueous Nile blue sulfate. An 
anterior, median gland is present and empties to the outside via a small, 
apical pore. On either side of this clear gland, considered by Goodchild 
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(1948) to be an adhesive gland, lie two penetration glands. Each appears 
granular, stains blue, and empties via a pore lateral to that of the ad­
hesive gland. Slightly posterior to these three glands are two flame cells 
and their coiled capillaries. An accumulation of large cells near the 
flame cells probably represents the germinal mass. 
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VIII. INTERMEDIATE HOSTS 
A. Natural Infections 
In efforts to locate the first intermediate host of Phyllodistomum 
staffordi, fingernail clams were collected throughout the Okoboji, Trum­
bull and Ames areas. Clams were collected and maintained as previously-
described. Their containers were examined frequently for the presence 
of cercariae in the water. Shedding clams were isolated in small jars 
and water was changed daily. Infected clams appeared to die more 
readily in the laboratory than did non-infected ones. 
Two species of sphaeriids, Sphaerium lacustre (Muller) (Figure 13) 
and Pisidium compressum Prime, are common in Trumbull Lake. In the labora­
tory, several hundred P. compressum failed to shed cercariae. Macrocercous 
cercariae (later shown to be those of P. staffordi) encysting within their 
own sporocysts were commonly obtained, however, from S. lacustre collected 
in areas of Trumbull Lake known to contain infected bullheads. 
Additional sphaeriids were collected from various other areas. S. 
transversum (Say) was collected from Big Meadow Greek and Trumbull spillway, 
both of which are tributaries of the Little Sioux River in Clay County. 
Several hundred collected from the spillway in late November contained 
rediae but no sporocysts. Many of the clams from Big Meadow Creek con­
tained allocreadid and gorgoderid cercariae. The latter, however, were 
smaller than cercariae of P. staffordi and unlike them, encysted within 
amphipods and insect larvae. This unidentified cercaria from S. transversum 
strongly resembled C. wabashensis Coil, 1955, from the same host. 
37 
Several hundred S. striatinum (Lamarck) were collected from a dense 
population in the Excelsior Fen area of Dugout Greek, a tributary of the 
Little Sioux in Dickinson County. None shed cercariae although infected 
bullheads were present in the area. Of almost 500 S. striatinum collected 
from Big Meadow Creek, three shed gorgoderid cercariae which strongly re­
sembled those of P. staffordi. In captivity, these clams shed fewer than 
five cercariae each and died a few days after collection. No metacercariae 
were found in the sporocysts. 
Several hundred S. occidentale Prime collected from ponds in Logsdon 
State Park (Hardin County, Iowa) were negative for gorgoderid cercariae. 
Several hundred specimens of an unidentified clam strongly resembling 
S. lacustre were collected in several ponds in the Okoboji region. All 
were negative for phyllodistomes although a few from a July collection 
contained cercariae of the Gorgodera-Gorgoderina group. 
Specimens of S. lacustre were collected and identified from Trumbull 
Lake, Trumbull Spillway, jemmerson Slough (Dickinson County), Walton Pond 
(Story County) and a pond in Ledges State Park (Boone County). Well over 
590 clams were collected from the latter two areas near Ames, Iowa, but 
none were infected. Over two dozen clams collected from various areas of 
Jemmerson Slough were negative. The only infected lacustre were col­
lected from Trumbull Lake and its spillway. 
S. lacustre is widely distributed throughout Trumbull Lake, but great 
variation in density and percentage of infection of this clam with larval 
P. staffordi occurs annually, seasonally, and in accordance with individu­
al areas of the lake. Because only mature clams harbor the infection. 
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only those at least 5 mm in length were included in collection of data. 
A few clams as small as 6 mm were infected, but the majority of those in­
fected measured 8-15 mm. 
The most favorable collecting area for obtaining adequate numbers of 
infected clams was just south of the Trumbull Lake dam along the cement 
wall reinforcing its bank. Most of the water here and in the channel extend­
ing out into the lake is two to four feet deep. Just south of this chan­
nel is a dense bed of cattails bordered with beds of Blodea and Najas. 
Clams were commonly scattered throughout the mud in the deeper water 
areas and especially at the base of water plants. The dam area, unless 
closed off by ice or flood, was accessible throughout the year. 
The second major collecting area for S. lacustre in Trumbull Lake was 
the large bay north of the dam. Clams, widely scattered throughout the 
bay, were more numerous in beds of water plants and tended to be smaller 
and less frequently infected than those collected from the dam area. 
During 1965-66, about 55 per cent of 207 clams collected in the dam 
area during the months of July-September, shed cercariae within two weeks 
after collection. In contrast, only 1.7 per cent of 177 clams collected 
in the bay area during this time shed cercariae over a similar period. 
Sporocysts were present in clams collected from June through Septem­
ber, but cercarial emergence was observed only during July-September 
(Table 10). During all three summers of collecting, it was observed that 
clams increased in size and number throughout the summer until late July. 
At that time, dead clams and empty shells became noticeable in the col­
lections, indicating a high death rate. This death rate increased rapidly 
Table 10, Mature Sphaerium lacustre collected from Trumbull Lake and spillway, 1963-1966 
Date No. clams Shedders® Non- per cent Non-shedders Total percentage 
collected shedders shedders with sporocysts of infection 
1963; 
June 10 0 10 0 0. 0 
July 162 70 92 43,2 4^ 45,7 
Aug. 44 33 11 75,0 2 79.5 
Sept. 5 0 5 0 0 0 
Nov. 3 0 3 0 0 0 
1964; 
April 5 0 5 0 0 0 
June 11 0 11 0 0 0 
July 38 0 38 0 2 5,3 
Aug. 70 15 55 21.4 1 22.9 
Sept. 50 9 41 18,0 2 22.0 
Oct. 50 0 50 0 0 0 
Dec. 46 0 46 0 0 0 
1965; 
Jan. 43 0 43 0 0 0 
May. 95 0 95 0 0 0 
June 71 0 71 0 4 5.6 
July 59 0 59 0 7 11.8 
Aug, 2 0 2 0 0 0 
1966; 
Feb. 1 0 1 0 0 0 
May 25 0 25 0 0 0 
June 32 0 32 0 12 37.5 
July 23 5 18 21.7 5 43.5 
Aug, 12 5 7 41.7 2 58.3 
TOTAL; 833 108 725 43 
^Number of clams shedding cercariae within two weeks after collection. 
^Not all non-shedders examined for sporocysts. 
so that by mid«August, fully grown clams had been essentially eradicated 
from the collecting areas and only half grown or smaller ones were col­
lected alive. 
Clam populations and percentages of infection varied considerably 
from year to year. During 1963, the dam area contained a very dense popu­
lation of large clams (approximately 15 mm in length) and the majority shed 
cercariae (56 per cent of 88 clams in July, and 75 per cent of 44 clams in 
early August), During 1964-65, clams in the same area, however, were 
smaller and the population was much less dense than in 1963. In 1964, 
only 35 per cent of 54 clams collected in August and early September were 
infected. Floods in July and September made the dam area inaccessible for 
several weeks during each of these months. In 1965, none of the 132 clams 
collected during June through August shed cercariae within two weeks after 
collection. Of these, 11 (8 per cent) contained sporocysts, but did not 
shed cercariae until after they had been maintained in the laboratory for 
over two weeks. In 1966, the clam population was about the same density 
as in 1965 but the percentage of infection was considerably higher. Al-
mo£ t 18 per cent shed cercariae and an additional 33 per cent contained 
sporocysts but did not shed cercariae within two weeks after collection. 
During 1965 and 1966, clams were maintained for several weeks or 
months after collection to study their cercarial production and to deter­
mine as closely as possible when they probably became infected in nature. 
The earliest infected clams were obtained on June 22, 1965 and June 13, 
1966. The sizes of the sporocysts obtained indicated that infection must 
have taken place in early to mid-June. By early July, the majority of 
infected clams contained both sporocyst generations. By August, all in­
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fected clams contained daughter sporocysts with recognizable, developing 
cercariae. 
The seasonal uniformity of larval stages of jP. staffordi indicated that 
infection by miracidia probably occurs over a short period of time, ap­
proximately 2-4 weeks. 
B. Laboratory Infections 
Parasite-free Sphaerium lacustre and other sphaeriid species were ex­
posed to miracidia of P. staffordi by placing the clams in small staining 
dishes containing 5-10 ml of water and miracidia. in multiple exposures, 
more than one clam was exposed at the ratio of one clam for every ten 
miracidia. Multiple exposure yielded a higher infection rate and more 
massive infections than exposures of single clams to ten miracidia. 
Exposed clams were checked at least twice a day and dead ones removed. 
The latter were usually unsatisfactory for study due to the very rapid de­
composition of clam and sporocyst tissues. Frequently, death of the clams 
could be ascertained only after decomposition of the adductor muscles had 
occurred with subsequent opening of the valves. 
Three groups of fingernail clams were exposed to miracidia. Clams 
collected from infected areas were held for several weeks before exposure. 
A second source was laboratory-reared clams, primarily lacustre and S. 
striatinum. Two ponds thought to be free from bullheads constituted the 
third and major source of clams for exposure. 
The first pond, in Ledges State Park (Boone Co.), had been considered 
free from fish during several years of observation by Iowa State Univer­
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sity zoology students. During this study, however, bullheads appeared and 
consequently the rich insect and clam fauna were drastically reduced. 
Thirty-six bullheads examined from the pond were all negative for P. 
staffordi. Almost 1000 clams were collected from the pond during an 18 
month period and no gorgoderid larvae were observed within them. 
The second pond serving as a source for S^. lacustre, the Izaak Walton 
Pond (Story Co.), had been thoroughly poisoned and hence considered to be 
completely free from bullheads. However, in the winter of 1965-66 bull­
heads containing young P. staffordi in the ureters were found in this pond. 
At least 500 clams were obtained from the pond during an 18 month period 
before the infected bullheads were discovered. No larval gorgoderids were 
observed in clams from this area used as controls nor were older infections 
noted in experimentally infected clams held in the laboratory for several 
weeks or months before exposure to miracidia. 
Over 400 S. lacustre from these three sources were exposed to miracidia 
in over 80 experiments. In many of these, some of the molluscan hosts 
died and had decomposed before it was possible to determine if they had 
been infected. In only 22 of these experiments, involving 1-12 clams per 
experiment and totalling 99 clams, was it possible to examine all the ex­
posed clams prior to their decomposition. Of the 99 clams, 72 (73 per 
cent) were infected by sporocysts of P. staffordi and 27 (27 per cent) were 
negative. Of 41 clams killed before examination, 24 (58.5 per cent) were 
infected and 17 (41.5 per cent) were negative. In contrast, 83 per cent 
(48) of 58 clams found dead or dying were infected and only 10 (17 per 
cent) were negative, indicating the severity of the infection on the clam 
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host. The majority of the sacrificed clams were killed within the first 
few weeks after exposure. Most clams that did not survive, died either 
shortly after exposure, or at four weeks (approximately the time of 
emergence of the first daughter sporocysts), or after the sixth week 
(when cercariae were developing). It was extremely difficult to maintain 
infected clams sufficiently long to obtain cercariae as almost all died 
shortly before cercariae emerged naturally. 
Sixty-eight laboratory reared S. lacustre 2-4 mm in shell length were 
exposed 2-10 at a time to 15-50 miracidia of P. staffordi. Eight infected 
clams were obtained 5-56 days after exposure. Two of these clams, examined 
at five and ten days after exposure, contained only mother sporocysts. 
The other six clams, examined 48 and 56 days after exposure, were heavily 
infected with daughter sporocysts containing developing cercariae with en­
larged tails of the same type as the cercariae of £. staffordi. 
Over 100 laboratory reared lacustre (with shell length under 2 mm) 
were exposed to miracidia of 2» staffordi. None were found to harbor 
sporocysts 13-79 days after exposure. The smallest experimentally infected 
clam was 2.2 mm long. 
S. striatinum were laboratory reared to 3-7 mm in shell length and were 
exposed to miracidia. Eighty-seven clams of this species were exposed 
but none were found to be infected 19-74 days after exposure. This species 
is of special interest because three specimens from Big Meadow Greek were 
found shedding cercariae very similar to those of P. staffordi and because 
S. striatinum is probably the host for G. steelmani, a species almost 
identical to that of P. staffordi. 
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A dozen adult S. occidentale, collected from ponds in Logsdon Park 
(Hardin Co.), were maintained in the laboratory for several weeks before 
exposure to miracidia. When examined 18-48 days after exposure, all were 
negative for gorgoderid sporocysts. 
G. Additional Intermediate Hosts 
1. Natural infections 
Insects of three orders (Trichoptera, Odonata, and Neuroptera) as 
well as crustaceans serve as second intermediate hosts for some gorgoderids 
(Beilfuss, 1954; Goodchild, 1940; Hunt, 1951; Rai, 1964; and Wu, 1930. 
During this investigation, an attempt was made to determine if arthropods 
were involved in the life cycle of P. staffordi. Immature insects were 
collected with clams from those areas of Trumbull Lake where heavy cercar-
ial infections of P. staffordi were known to occur. Collections were made 
only during those months that cercariae were found to be present in clams 
or for a few months thereafter. A summary of immature insects examined is 
presented in Table 11. 
Insects were pressed between two glass slides and examined under a 
dissecting microscope. Encysted metacercariae were found only in Sialis 
larvae. Such metacercariae (Figure 54) were presumed to be gorgoderids 
on the basis of their'enlarged acetabulum, lack of pharynx, nature of re­
productive fundaments, and presence of stylet in the fluid contained within 
the cyst. Of 82 sialids examined, 25 (27.7 per cent)harbored one to seven 
cysts, each. These cysts varied from light to dark brown. The light 
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Table 11. Immature insects from Trumbull Lake examined for phyllodistomum 
metacercariae 
Insect order and Number Number 
collection dates Genus examined infected 
Ephemeroptera 
7-22-63 Hexagenia 7 0 
8-13-64 " 2 0 
9-7-64 " 10
0donata 
8-13-64 Anax 1 0 
9-7-64 Ischnura? 1 0 
10-2 5-64 " 2 0 
Neuroptera 
7-22-63 Sialis 9 5 
7-26-63 " 33 10 
8-1-63 " 4 2 
8-13-64 " 10
8-15-64 " 5 0 
9-5-64 " 13 1 
9-7-64 " 11 3 
10-25-64 " 6 2 
12-10-64 " 10
brown ones contained active metacercariae; dark brown ones, only fluid 
or decomposing metacercariae. In two experiments, nine and five light 
to medium brown cysts were fed to young bullheads. Although no flukes 
were recovered, results of these experiments are not significant because 
of the small number of cysts fed and because their age and viability were 
not known. 
Clams infected with P. staffordi were much more abundant in 1963 than 
in 1964, and numbers of cercariae shed by infected clams was considerably 
greater. Infected Sialis larvae were also more abundant and contained 
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more metacercariae in 1963. 
During this study, only one other phyllodistome, P. lysteri from the 
white sucker (Gatostomus commersoni), was found in Trumbull Lake. Nothing 
is known of its life cycle. Meyer (1958), in a survey of the helminths of 
Trumbull Lake fishes, reported an immature Phyllodistomum sp. from the 
hepatic bile ducts of G. commersoni. 
2. Experimental infections 
P. staffordi cercariae from naturally infected and experimentally in­
fected clams were exposed to bullheads and arthropods to ascertain if these 
hosts could acquire infections by ingestion of cercariae. The animals 
were placed with cercariae in small dishes containing less than 5 ml of 
water. Except for brief examinations with the dissecting microscope, 
dishes were left in an undisturbed, dimly-lighted area. 
The majority of exposures were made to sialid larvae collected in 
Trumbull Lake and Dugout Greek in the Excelsior Fen area of Dickinson 
County. The former area provided most of the specimens; both areas, the 
only ones where sialid larvae were found, contained bullheads infected 
with 2» staffordi. 
Five neuropteran larvae were collected in July and starved for a week 
before being examined for previous infection by gently pressing them be­
tween slides. Three days later, they were exposed to naturally shed cer­
cariae. Thirty-six hours later, only one neuropteran was infected and con­
tained two metacercariae. 
A starved Sialis larva was exposed to a single cercaria and a second 
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starved larva was exposed to two cercariae. After 12 hours, no evidence 
was found to indicate that the insects had ingested the cercariae. Three 
12 mm. long Sialis, in individual dishes containing less than 5 ml. of 
lake water, were exposed to two cercariae each. After fifteen hours, one 
dish contained a single dead cercarial body, one contained two dead cer« 
cariai bodies, and the last contained only two cercarial tails. Two days 
after exposure, these sialids were examined and found to be negative for 
metacercariae. At no time was there any apparent attraction of the cercariae 
to the arthropods or of the arthropods to the cercariae. A single sialid 
collected at Dugout Greek was exposed to a naturally shedding clam for 
several days. When examined 22 days later, neither metacercariae nor 
cysts were recovered. 
In experiments conducted to observe reactions of cercarial bodies 
to the fluids and body tissues of sialid larvae, a cercarial body was 
placed on the cut surface of a decapitated insect. During constant ob­
servation, the cercaria crawled randomly about on the exoskeleton and 
muscles and finally, after 45 minutes, crawled beneath the exoskeleton. 
After 30 more minutes, the cercarial body could not be located and was 
fixed Û1 situ. The cercarial body, when stained, appeared unchanged. 
In another experiment, a cercaria recently emerged from the clam and 
an excysted cercarial body with tail still attached were exposed to a 
freshly macerated sialid. No evidence of increased activity nor of en-
cystation within the insect was discerned. 
Hunt (1951) in tracing the life cycle of Gorgodera vivata, a bladder 
fluke of frogs, was able to use Sialis larvae, crayfish, and several 
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species of odonatan naiads as intermediate hosts but was able to infect 
sialids only by exposing them to hundreds of cercariae. 
Larvae of the caddis fly Leptocerus americanus were collected from 
Little Millers Bay and exposed to cercariae. One of two larvae was ob­
served to ingest the body of an active cercaria, but both insects were 
negative for metacercariae when examined the next day. Of six L. ameri-
canus larvae exposed to a shedding clam for several days, only one de­
veloped an infection of a single cyst. Two metacercaria- like bodies 
were recovered from one of twelve larvae exposed over a two day period. 
These bodies produced no infection when fed to a fingerling bullhead. 
Hydropsychidae (Cheumatopsyche?) larvae were collected from the Little 
Sioux River near the mouth of Dugout Greek. Ten were exposed to a heavily 
shedding clam, but when examined four days after exposure, none harbored 
metacercariae. Eleven larval insects used as controls were negative. 
Seven amphipods, Hyalella azteca, were collected from Little Millers 
Bay and exposed to numerous cercariae over a period of several days. 
None became infected. 
Two fingerling black bullheads from Little Millers Bay were starved 
and then exposed to numerous cercariae. Although the fish did not ac­
tively feed on the larvae, cercariae were taken into the branchial chamber 
during respiratory movements. Most cercariae were ejected\d.a the mouth 
or by way of the gill chamber. After several hours, no cercariae re­
mained in the container indicating that they had been ingested. Twenty-
four hours later, no cercariai bodies were recovered from the digestive 
or excretory systems of the bullheads. In another experiment, no helminths 
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were recovered from an 8 cm. laboratory reared bullhead which had been 
exposed 28 days previously to seven active cercariae. 
From the foregoing data, it is apparent that £. lacustre is probably 
the only first intermediate host for 2» staffordi and that size of the 
host is important in the ability of the clam to serve as a suitable host. 
In nature, infected clams were only obtained from June through September. 
In the laboratory, infected clams could be obtained at any time of the 
year and the infection usually killed the clams before the emergence of 
the cercariae. No second intermediate host could be demonstrated, al­
though more intensive studies with larger numbers of cercariae are needed 
to confirm this. The gorgoderid metacercariae harbored by the Sialis 
larvae probably represent a dead end for the parasite. The cyst wall 
appears to be made, at least partially, of brown, arthropod exoskeletal 
material. As the cyst ages, its wall thickens, turns darker brown, and 
the enclosed metacercaria dies and decomposes. 
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IX. SPOROGYSTS 
A. Mother Sporocysts 
Mother sporocysts of P. Stafford! are elongate, unbranched and 
are invariably located within gill lamellae and inter-lamellar gill 
spaces of the fingernail clam, Sphaerium lacustre (Figures 36-39). The 
clam's inner gills are larger and usually more heavily infected than the 
outer gills. With age, sporocyst movement becomes increasingly sluggish 
and yellowish-green granules accumulate in the sporocyst wall, resulting 
in the opacity of older larvae. The sporocyst wall is composed of a 
tegument, tegumental muscles, and germinal epithelium and appears similar 
to that of P. simile daughter sporocysts (Thomas, 1958b). 
Two flame cells are present and may appear at opposite ends of the 
sporocyst or near one another in the middle or at the end of the larva. 
Nuclei of flame cells were not visible in living sporocysts but were ob­
served in fixed and sectioned material (Figure 16). Connected to each 
flame cell is a long, coiled excretory duct leading to the excretory pore 
on the sporocyst surface. Temporary enlargements are commonly observed 
near the excretory pore and along the length of the duct. Occasionally, 
these enlargements are bladder-shaped (Figure 17) and may project from 
almost any region along the length of the duct. 
The two flame cells seen in a miracidium remain unaltered in one-
week-old mother sporocysts, except for a slight increase in size. In 
older mother sporocysts, however, they develop into large cells of the 
semilunar type, similar to those in sporocysts of Gorgodera amplicava 
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and in sporocysts producing Gercaria macrocerca as described by Goodchild 
(1948) and Vickers (1940) respectively. The shape of the ciliated 
portion of the miracidial type flame cell resembles an equilateral tri­
angle. As the cell enlarges, the base of the triangle lengthens and 
its ends curl inwardly so that the ciliated portion resembles the cap 
and stem of a mushroom (Figure 17). These lateral extensions or arms 
of the cap assume various shapes so that they may curl inwardly on them­
selves, outwardly on themselves, or spiral laterally from the long axis 
of the flame cell. Occasionally, the arms are greatly extended. These 
variations become more common with increased age. 
The rate of sporocyst growth is apparently influnced by temperature, 
for many experimental three-week-old sporocysts studied in August were 
larger and contained more and larger embryos than those of the same age 
obtained in June and early July. At four weeks, the number of experi­
mental clams with daughter sporocysts and the numbers of daughter sporo­
cysts in the gills were greater in August than in early July, 
One-week~old mother sporocysts (Figure 18) are round to oval and 
are composed of many large cells and a small central cavity, visible only 
during contraction of the sporocyst. No germinal masses were observed 
(Table 12). Movement of sporocysts is greater at this age than in later 
stages of development. 
By two weeks, sporocysts are elongate (Figure 19) and some begin to 
coil. Movement is limited to the rhythmical contraction and extension 
of the sporocyst. Both flame cells are enlarged and recognizable as the 
giant, semilunar type. A few yellow-green granules are visible in the 
Table 12, Development of mother sporocysts of phyllodlstomum staffordl^  
Age No. mea- Range of mother sporocysts No. em- Range of D.S? embryo No. D.S. em-
(weeks) sured Minimum Maximum bryos/M.S Minimum Maximum bryos mes 
1 8 0.084x0.043 0.115x0.052 0 
2 16 0.132x0.084 0.348x0.087 0-11 0.024x0.024 0.059x0.040 19 
3 7 0.173x0.065 1.980x0.180 3-22 0.046x0.043 0.175x0.074 24 
k  11 0.675x0.180 1.840x0.155 3-38 0.014x0.012 0.348x0.042 92 
5  8 1.12 5x0.100 2.190x0.3 90 11-70 0.060x0.058 0.242x0.048 20 
66 7 1.139x0.075 1.680x0.090 5-22 0.014x0.012 0.3 2 4x0.031 33 
7 5 1.064x0.160 1.277x0.117 2-14 0.052x0.042 0.251x0.052 16 
8 5 0.960x0.075 1.830x0.150 5-26 0.010x0.010 0.348x0.063 33 
9 3 0.855x0.075 1.33 5x0.105 0 \ 
— — 
10 1 2.385x0.090 0»7 0.024x0.017 0.174x0.045 7 
11 1 3.240x0.060 0-2 
A^ll measurements (in mm.) made from living specimens without coverslip pressure or under 
very slight pressure. The number of embryos per mother sporocyst determined from observations 
on living and fixed materials. 
b 
D.S. = daughter sporocyst. 
= mother sporocyst. 
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sporocyst wall. Most sporocysts contain a few oval to slightly elongate 
embryos showing little differentiation. As many as eleven were seen in a 
single sporocyst. 
Almost all three-week-old mother sporocysts are coiled and much 
more elongate (Figure 20). Their occasional contractions are more slug­
gish than before, and the number of yellow-green granules has increased. 
Of more than 70 mother sporocysts observed at three weeks, all contained 
from three to twenty-two daughter sporocysts embryos each. These ranged 
from small, spherical, germinal masses to a few- elongate, motile daughter 
sporocysts. Miracidial type flame cells were seen within many of the oval 
to elongate daughters and one (0.175 x 0.074 mm) contained a central 
cavity, Germinal masses were observed projecting from the germinal epi­
thelium of the mother sporocyst wall. 
In four-week-old infections, mother sporocysts (Figure 21) have 
increased in size, in number of embryos, in size of flame cells, and in the 
amount of yellow-green granules deposited in the walls. The attached ends 
of many sporocysts are shrunken so as to give the appearance ofa aeck-like 
region. All four-week-old mother sporocysts observed contained 3-3 8 em­
bryos, ranging from newly formed germinal masses to fully formed daughter 
sporocysts. Emerged daughter sporocysts are first seen at this age. 
At five weeks, most mother sporocysts (Figure 22) have reached 
maximum size and are so densely packed with embryos that accurate counts 
are difficult. Three contained 50, 51, and approximately 70 embryos re­
spectively, but most contained 15-35. Embryos range from small, spherical 
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germinal masses to elongate, actively moving daughter sporocysts. One 
of the latter contained two or three germinal masses when observed alive. 
Mother sporocysts older than five weeks become thinner and appear 
withered and shrunken (Figure 23). The continued accumulation of yellow-
green granules within the sporocyst wall makes the larva opaque and masks 
its internal contents. No movement of the mother sporocyst was discernible. 
The number of daughter sporocyst embryos is decreased, although all stages 
from germinal masses to motile daughter sporocysts are present. Of 17 
mother sporocysts observed at six to eight weeks of age, all contained 5-
26 embryos per sporocyst. In four mother sporocysts observed at nine weeks, 
no daughter sporocyst embryos were seen, although opacity of the sporocyst 
wall severely impaired observation of small embryos. Of our mother sporo­
cysts observed at ten and eleven weeks, two lacked embryos and the others 
contained two and seven embryos, respectively. The latter contained 
embryos ranging from a germinal mass (0.024 x 0.017 mm) to an active 
daughter sporocyst (0.174 x 0.045 mm). Three 76-day old mother sporocysts 
(the oldest to be observed in experimental infections) contained active 
flame cells as the only indication of life. Two of these sporocysts ap­
peared to lack embryos ; the third, whose ends were degenerating, appeared 
to contain one or two embryos. 
From the foregoing experimental evidence, summarized in Table 12, it 
appears that mother sporocysts of P. staffordi may produce daughter sporo­
cysts over a period of at least 11 weeks, at which time mother sporocysts 
have undergone some degeneration. 
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B. Daughter Sporocysts 
Daughter sporocysts are shorter, wider, less coiled, and more active 
than mother sporocysts. Daughters usually have fewer embryos and always 
have more flame cells than do mothers. The gradual transition of mira-
cidial type flame cells into giant type cells and the accumulation of 
yellow-green granules within the sporocyst wall are similar to that of 
mother sporocysts. 
The excretory system of P. staffordi daughter sporocysts (Figure 40) 
consists of a pair of greatly dilated main excretory canals emptying to 
the outside via excretory pores. Each main canal is joined by two lateral 
canals into each of which empty capillaries from a group of flame cells. 
Each group appears to consist of four cells. Thus, each daughter sporo­
cyst probably contains a total of sixteen flame cells arranged in groups 
of four. A similar arrangement of excretory tubules and ducts was re­
ported by Thomas (1958b) in his studies of simile, and by Vickers (1940), 
who reported on the sporocysts producing Gercaria macrocerca (considered 
by Sinitsin as Gorgoderina vitellilobae). In C^ . macro cerca, flame cells 
are in groups of five, in contrast to the groups of four found in jp, simile 
and P. staffordi. P. simile differs from staffordi in having three 
groups of four flame cells associated with each main excretory canal rather 
than two. Thus, P. staffordi, P. simile, and C^ . macrocerca contain 16, 
24, and 20 flame cells, respectively, per daughter sporocyst. 
In living clams, emerged daughter sporocysts were first observed 
four weeks after clams had been exposed to miracidia. Daughter sporocysts 
at all ages appeared on the surface and within the mantle (Figure 36) as 
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well as within the visceral mass, foot, and inter-lamellar cavities of all 
four gills (Figures 36-39). Daughter sporocysts within the gills of in­
fections older than four weeks ranged widely in size because of their 
continued production from the fourth to at least the eleventh week after 
clam exposure. Daughter sporocysts developing in areas other than the 
gills were more uniform and smaller regardless of age, and never produced 
recognizable cercariae. 
1. Daughter sporocysts from gills 
At four weeks, many, but not all, infected clams contained daughter 
sporocysts (Figure 24), usually located near mother sporocysts. Both ends 
of these small daughter sporocysts were in almost constant motion, in­
dividual sporocysts were also capable of slow locomotion. More than half 
contained from one to six small, spherical embryos (Table 13). 
By the fifth week, the size range of daughter sporocysts (Figure 25) 
was increased and almost two-thirds contained 1-17 embryos. Some of the 
largest daughter sporocysts contained small, semilunar flame cells, but 
most contained miracidial type flame cells. 
By the sixth week, daughter sporocysts (Figure 26) ranged from small, 
motile ones (overlapping in size those within the mother sporocysts) to 
larger, attached, non-motile sporocysts containing larger amounts of yellow-
green granular material. Many of the larger sporocysts possessed small, 
semilunar flame cells; smaller sporocysts were characterized by miracidial 
type flame cells. Approximately two-thirds of the sporocysts contained 
1-12 embryos per sporocyst. Embryos were round to oval, lacked recogniz-
able cercarial structures, and were commonly clumped together. One of 
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Table 13. Development of daughter sporocysts of Phyllodistomum Stafford! 
in gills of Sphaerium lacustre 
Age of No. Size range in microns No. Gere. Size range of enbryo No. 
D.S. mea- Min. Max. embryos/ Min. Max. mea-
(weeks) sured D.S. sured 
4 20 157x49 466x52 0-6 14x14 52x3 5 16 
5 27 118x77 745x117 0-17 17x14 43x31 8 
6 31 84x3 6 734x53 0-11 17x17 174x31 39 
7 19 160x52 915x117 0-12 22x14 209x70 56 
8 52 90x60 1050x750 0-16 21x17 cercariae 45 
9 60 115x42 1110x270 0-12 21x14 cercariae 26 
10 5 358x128 885x112 0-12 28x21 cercariae 26 
11 13 146x56 1305x315 24x21 cercariae 3 
the smaller. motile sporocysts measured 0. 195 X 0.070 mm when contracted. 
and 0.251 x 0.049 mm when extended. 
Larger daughter sporocysts in seven-week-infections, like those of 
six weeks, were attached to the gills and were stationary, while smaller, 
unattached sporocysts moved actively. One 0.209 x 0.052 mm sporocyst 
with three small, spherical embryos was observed to move actively from the 
clam gill. There was little correlation between flame cell type and 
sporocyst size. One sporocyst contained both miracidial and semilunar 
type flame cells. Approximately two-thirds of all daughter sporocysts 
contained embryos. The largest daughter sporocysts contained a few, 
recognizable as developing cercariae. These embryos were differentiated 
into a narrower tail portion and. thicker body possessing oral sucker and 
acetabular primordia. In one specimen, the body measured 0.212 x 0.104 
mm, and the tail 0.087 x 0.052 mm. 
Eight to ten weeks after exposure, clam gills contained daughter 
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sporocysts of all sizes, some of which enclosed cercariae in all stages 
of development (Figure 27). The large size of the cercariae, in relation 
to the sporocyst, results in extensive coiling of the cercarial body and 
tail, making accurate measurements difficult. The size of one sporocyst 
was reduced from 0,720 x 0.270 mm to 0.450 x 0.180 mm after a well formed 
cercaria had been aborted by slight coverslip pressure. Cercariae were 
observed to be aborted more commonly from the terminal portion of the 
unattached end of the sporocyst, but no birth pore was observed. Vickers 
(1940) reported no birth pore in sporocysts producing Cercaria macrocerca, 
and Baker (1943) observed a terminal birth pore in daughter sporocysts 
producing Cercaria steelmani. Hunt (1951) reported a birth pore from the 
anterior end of daughter sporocysts of Gorgodera vivata, as did Goodchild 
(1948) for Gorgodera amplicava. 
Over 75 per cent of the daughter sporocysts at eight weeks, and ap­
proximately 90 per cent of those at nine and ten weeks contained embryos. 
Sporocysts of these ages contained recognizable cercariae in all stages 
of development. Usually only one, two, or as many as four easily dis­
tinguishable cercariae were observed per sporocyst. 
2. Daughter sporocysts from other tissues 
Daughter sporocysts observed in and on the mantle and within the vis­
ceral mass and foot were similar to one another and to the smallest seen 
in the gill region. These sporocysts from areas other than the gills were 
more uniform in size and in number of embryos per sporocyst than were those 
in the gills (Table 14 and Graph 2). Those from the mantle, as representa­
tives of the non-gill forms, were studied and compared with those from the 
59 
Table 14. Development of daughter sporocysts of Phyllodistomum 
Stafford! on the mantle of Sphaerium lacustre 
Age of No. Size range in microns No. Cere. Size range of embryo No. 
D.S. mea- Min. Max. embryos/ Min. Max. mea-
(weeks) sured D.S. sured 
5 4 178x60 251x45 0-2 MM -
6 15 97x59 327x77 0-5 28x21 108x63 9 
7 10 156x41 2 78x63 0-5 24x24 42x28 3 
8 
g 
7 139x74 300x65 0-2 
n 0 
24x22 33x24 2 
10 2 216x70 292x52 0-3 
11 8 118x56 212x59 0-1 17x17 26x23 3 
gills. 
Sporocysts on the mantle (Figures 29-3 5) are in almost constant, 
sluggish motion. Either end is capable of frequent motions and the entire 
sporocyst may move slowly. Regardless of age, the size range was rela­
tively uniform, 0.097-0.32 7 mm in length (Table 14 and Graph 2). 
The percentage of mantle sporocysts containing embryos was striking­
ly lower than that from sporocysts in the gills (Table 15 and Graph 3). 
Of 449 daughter sporocysts observed on the mantle five to eleven weeks 
after exposure, only 45 (10 per cent) contained embryos; over 90 per cent 
(210) of 303 daughter sporocysts from the gills, (four to eleven weeks 
after exposure) contained embryos. As the percentage of embryonated gill 
sporocysts increased during this study, that of the mantle sporocysts re­
mained relatively constant (Graph 3). Fewer daughter sporocysts were 
noted on the mantle at ten weeks than at earlier ages. 
The number of embryos per sporocyst was also significantly different 
between these two sporocyst populations (Table 15). Embryos within a 
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Table 15. Comparison of cercarial embryo production by daughter sporocysts 
located in the gill and on the mantle 
Daughter sporocysts in the gill Daughter sporocysts on the mantle 
No. of No. of % of % of D.S. No. of % of % of D.S. 
cercarial D.S. D.S. with D.S. D.S. with 
embryos embryos embryos 
1 26 8.6 12.4 28 6.3 62.3 
2 26 8.6 12.4 14 3.1 31.1 
3 28 9.2 13 .3 1 0.2 2.2 
4 33 10.9 15.7 
5 23 7.6 10.9 2 0.4 4.4 
6 26 8.6 12.4 . ,, 
7 10 3.3 4.8 
8 16 5.3 7.6 WWW 
9 5 1.6 2.4 
10 6 2.0 2.8 MM*-» 
11 5 1.6 2.4 
12 3 1.0 1.4 
13 
1  I I  
1 0,3 0.5 — 
14" 
15 1 0.3 0.5 
16 1 0.3 0.5 
Total 210 69.3 100:0 45 10.0 100.0 
Total D.S. 
without 
embryos 93 30.7 404 90.0 
Final 
total 303 100.0 449 100.0 
single mantle sporocyst ranged from one to five, with over 60 per cent 
of the embryonated sporocysts containing single embryos and less than five 
per cent containing five embryos. In contrast, gill sporocysts contained 
as many as 15 embryos each; 12 per cent of these contained single embryos 
and almost 11 per cent contained five embryos each. 
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Embryos within the mantle sporocysts appeared as small, oval or 
round germinal masses with no differentiation into cercarial or daughter 
sporocyst structures. The largest embryos, in a dead sporocyst six weeks 
after exposure, measured 0.108 x 0.063 and 0.087 x 0.017 mm. All other 
embryos ranged from 0.017 x 0.017 to 0.066 x 0.042 mm. In contrast, gill 
sporocusts contained recognizable developing cercariae by the seventh 
week and motile cercariae by the ninth week. 
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X, CERGARIA 
A. Morphology 
The cercaria of Stafford! (Figure 41) is of the macrocercous type 
and its tail is divided into distinct proximal and distal portions. The 
proximal portion, into which the cercarial body may be withdrawn, con­
sists of a pair of lateral, bulbous wings and a median area. The distal 
portion is a long, slender, whip-like structure used in propelling the 
entire cercaria. The central core of the distal portion is clear and 
surrounded by cells staining readily with neutral red and Nile blue 
sulphate. The anterior half of the median area of the proximal portion 
constitutes the cercarial chamber of freshly shed larvae. The posterior 
half of the median area is composed of a dumbbell-shaped mass of muscle 
fibers connecting the posterior extremity of the cercarial body with the 
anterior tip of the distal tail portion. These muscles and a few, scat­
tered stellate cells within the otherwise translucent, lateral wings stain 
with neutral red. The slit-like opening of the cercarial chamber is best 
observed in those specimens from which cercarial bodies have escaped. 
Within the chamber, the cercarial body is usually folded upon itself near 
the level of the acetabulum and is in almost constant motion. Cercarial 
measurements (Table 16) indicate that the fixative and coverslip pressure 
have a greater influence on the size of the tail than of the body. 
The acetabulum is located half to two-thirds the body length from the 
anterior end of the oval cercarial body (Figures 42, 43, 44). The tegument 
is unarmed except for a band of minute spines, considered to be sensory 
Table 16. Effects of various fixatives on measurements of emerged cercariae of Phyllodistomum 
Stafford! (measurements in microns) 
Proximal Tail Distal Gercarial 
body 
Oral 
sucker 
Acetabulum Stylet 
length 
Gercariae (from naturally infected clams) fixed in hot 10 per cent formalin and measured with 
slight coverslip pressure 
Av. 380.9x546.9 
Max. 425.6x617.1 
Min. 319.2x478.9 
762.9x68.1 
698.0x74.5 
150.4x63.8 
389.6x103.2 
436.2x117.0 
351.1x79.8 
67.0x55.9 
81.6x72.0 
60.0x38.4 
67.7x69.6 
72.0x84.0 
64.8x60.0 
27.0 
30.0 
24.0 
Gercariae (from naturally infected clams) fixed in hot 70 per cent alcohol and measured 
without pressure 
Av. 363.6x535.4 
Max. 472.4x594.4 
Min. 327.7x419.1 
874.4x75.2 
944.9x76.2 
777.2x68.6 
362.9x90.8 
381.0x99.1 
350.1x76.2 
63.2x53.0 
69.8x55.8 
55.8x48.9 
58.3x58.6 
62.8x62.8 
55.8x52.4 
Gercariae (from laboratory infected clams) fixed in hot 70 per cent alcohol and measured without 
pressure 
Av. 296.1x441.8 
Max. 33 7.5x498.6 
Min. 276.1x383 .5 
816.1x72.1 
93 5.4x76.7 
767.0x61.4 
394.2x95.1 
444.9x112.7 
368.2x76.7 
62.5x61.1 
80.3x69.8 
52.4x55.8 
64.2x67.0 
69.8x76.8 
55.8x55.8 
26.0 
27.9 
24.4 
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hairs by Baker (1943), lining the openings of both suckers. The acetabu­
lar margin is ringed with six radially spaced sensory papillae and an 
additional four are located inside the acefabulum (Figure 44). All 
sensory papillae are single and simple, except the six on the acetabulum 
which appear to contain two greenish bodies. This type has been called 
"bilobed" by Beilfuss (1957) and "double" by Coil (1960). Usually four­
teen pairs of sensory papillae lie along the lateral margins of the body. 
They are rather uniformly arranged so that two pairs usually flank the 
oral sucker, four pairs lie between the suckers, three pairs flank the 
acetabulum, and five pairs lie posterior to the acetabulum. Two pairs 
of papillae are located on the dorsal surface of the body, the first pair 
at mid-oral-sucker level and the second near the posterior margin of that 
sucker (Figure 43). The ventral body surface bears papillae in two ven­
trolateral rows. One pair lies posterior to the acetabulum and five pairs 
are situated between the suckers. At least six to eight pairs of papillae 
form an inconstant pattern on the ventral surface of the oral sucker. 
Usually they are placed in two rows of three or four papillae lateral to 
the mouth opening. Occasionally, some were seen flanking the stylet or 
appeared on the tegument of the oral sucker posterior to the mouth. 
The stylet (Figure 45) is composed of a central rod and a pair of 
rounded anterolateral wings. The central rod is sharply pointed distally 
and widens proximally into a truncate end. Mid-dorsally, a shallow groove 
is present. At the anterior end of the oral sucker, in living specimens, 
the stylet tip usually penetrates a small lip-like projection which is 
occasionally bounded by a pair of papillae. 
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The oral sucker surrounds the subterminai mouth, leading into the 
esophagus which bifurcates midway between tne suckers. No pharynx 
is present. The caeca extend almost to the posterior end of the boay 
as a pair of simple tuoes. 
Ten to eleven pairs of penetration glands are located near the Di« 
furcation of the esophagus. Determination of their exact number was 
difficult because of lack of clarity of indiviaual cells. Arrangement 
of the glands into extracaecal and intercaecal groups is apparent but 
the groups frequently overlap and individual glands appear to shift 
their position during cercarial movement. Six to eight pairs are located 
extracaecally and three to five pairs intercaecally. The latter stain 
less readily with neutral red than do the extracaecal cells. Penetration 
gland ducts from each side pass anteriorly as a group lateral to the 
esophagus and dorsal to the oral sucker. Near mid-oral«sucker level, 
ducts turn toward the midline and empty on either side of the stylet. 
The anlagen of the various elements of the reproductive system 
(Figures 42-43) are not visible in living cercariae but are readily seen 
after staining with paracarmine. The ovary is a small, spherical, tightly 
packed mass of cells located between the acetabulum and bladder and may 
appear on either side of the body, A band of densely staining cells, the 
future oviduct and associated structures, leads from the ovary to the 
midline and then anteriad as the future uterus, before terminating just 
under the ventral body surface between the acetabulum and esophageal 
bifurcation. In a few specimens, the developing seminal vesicle and vas 
deferens were observed passing dorsally and posteriorly from the region 
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of the future genital pore, A narrow row of cells, the future Laurer*s 
canal, leads from just beneath the dorsal body surface in the region of 
the testes or acetabulum to the junction of oviduct and uterus. Near the 
junction of Laurer*s canal, oviduct, and uterus, a few clumps of cells 
(future vitellaria) were observed in some specimens. The two testes, 
when observed among the cystogenous gland cells surrounding the bladder, 
appear as small, spherical clumps of poorly staining cells occupying the 
same positions as in the adult. 
There are 27-30 pairs of flame cells arranged in groups of threes in 
the cercarial body (Figure 44), but none were observed in the tail. 
Groupings of cells are more distinct in the pre-acetabular region. The 
first group lies between the region of the mouth and the cerebral ganglion. 
Flame cells of the second and third groups are scattered between the pene­
tration glands and mid-acetabular level. Six or seven groups lie scattered 
between the mid-acetabular region and posterior end of the body. Observa­
tion of these groups was hampered by the small size of these flame cells, 
by the opacity of the cystogenous glands filling the posterior region, 
and by the thickness of the worm. Addition of dilute saline or urine was 
usually necessary to stimulate these posterior flame cells to visible 
activity. 
Capillaries of the three flame cells near the oral sucker empty into 
the anterior secondary collecting duct which passes posteriad along the 
lateral body margin. The posterior secondary collecting duct passes 
anteriad and, near mid-acetabular level, joins the anterior secondary 
collecting duct to form the primary collecting duct. The latter passes 
anteriad as a highly convoluted tube and, in the preacetabular zone loops, 
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then passes posteriad and empties into the bladder. The extreme degree 
of convolution and the concentration of ducts hampers observation. In­
dividual capillaries of the nine flame cells anterior to the acetabulum 
appear to empty singly into the anterior secondary collecting duct. Those 
of the posterior region also appear to empty singly into the posterior 
secondary collecting duct. On a few occasions these capillaries were ar­
ranged in groups of threes with very short tertiary collecting ducts emp­
tying into the posterior secondary duct. The latter, in some cases, ap­
peared double on each side. 
The bladder receives the primary collecting ducts near its anterior 
end, extends from the posterior end of the body almost to the acetabulum, 
and is surrounded by prominent cystogenous gland cells similar to those 
of C. steelmani Baker, 1943 . The excretory pore is subterminal. 
B. Behavior'and Rate of Emergence 
In naturally emerged cercariae, the body is already encysted within 
the cercarial chamber and is usually bent in the acetabular region so as 
to appear hook-shaped. The entire cercarial body, especially its anteri­
or end, is capable of considerable movement, even though encysted. 
Freshly shed cercariae are in almost constant motion. Movement is 
similar to that of C. raiacauda Steelman, 1938, and steelmani Baker, 
1943. Cercariae usually rest in a vertical position, the cercarial body 
directed downwards. Occasionally, cercariae rest by lying parallel to 
the container bottom. No response to light could be observed. 
Excystment of cercarial bodies usually occurs before death. Older 
cercariae are much less active and the tail tip is usually attached to 
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detritus or to the container walls, as Vickers (1940) observed in 
macrocerca. Older cercarial bodies of P. staffordi, maintained in lake 
water at approximately 17°G, occasionally were observed to remain en­
cysted and some died in that position. The majority died excysted and 
tailless. Free tails are capable of well coordinated swimming movement. 
Living cercarial bodies were observed as long as 34 hours at 17°G, 
but most died at approximately 24 hours. The life span was considerably 
less at higher temperatures. 
Data on cercarial emergence were gathered from three sets of clams 
producing cercariae. One group of naturally infected clams was collected 
while actively shedding cercariae. A second group consisted of naturally-
infected clams maintained in the laboratory for more than seven days be­
fore cercarial emergence began. The third group consisted of laboratory 
infected clams. 
Once cercarial production had begun, cercariae were removed daily 
and the water completely replaced with fresh. Clams were maintained in 
individual containers as previously described. The number of larvae 
present was determined by counting the cercarial tails. Poorly formed 
or dead cercariae, frequently produced by heavily shedding clams or by 
those a few days before death, were also included in the totals. 
Nineteen clams shedding cercariae were collected at Trumbull Lake 
in early August, 1963 and observed at twelve-hour intervals for thirteen 
days (Table 17), During this time, no pattern of cercarial emergence 
was noted for this group of clams or for individual ones. The number 
of emerged cercariae per clam varied considerably, ranging from 63 to 
761. Sixteen additional clams, also collected during their period of 
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Table 17. Gercarial emergence per twelve hour period 
Clam 
1 
AM PM 
2 
AM PM 
3 
AM PM 
4 
AM PM AM 
5 
PM 
6 
AM PM AM 
7 
PM 
8 
AM PI 
1 58 7 28 35 31 68 4 40 30 100 26 1 54 60 10 5( 
2 5 5 14 4 45 7 11 32 11 70 6 20 13 35 11 5( 
3 15 3 43 19 26 30 13 41 12 70 15 37 6 50 2 3( 
4 0 0 18 2 20 19 2 20 15 45 6 44 2 45^  3 4( 
5 2 3 24 22 2 15 1 20 3 22 5 20 1 13 0 
6 7 3 65 30 6 40 10 75 27 62 7 8 41 4 32 1( 
7 15 1 10^  28 6 23 10 53 9 70 1 45 4 65 1^  4( 
S 14 9 13^  1 17 9 0 30 11 25 1 1 26 16 3 2( 
9 9 3 50 31 9 57 5 65 20 100 7 85 10 55 19 2( 
10 0 0 0 6 0 0 0 3 0 5 0 7 2 10 0 i; 
11 11 4 17 10 4 18 3 10 13 32 3^  31 1 27 4 li 
12 14 1 24 15 19 30 7 45 20 55 3 24 0 34 16 i; 
13 4^  4 24 0 24 10 3 20 23 37 5 35 22 33 8 3C 
14 1 3 24 15 6 18 5 30 13 21 5 19 11 26 4 1] 
15 0 0 2 2 0 6 0 7 0 12 1 8 2 13 4 U 
16 2^  2 29 18 9 18 12 58 18 62 6 55 31 55 1 3) 
17 12 1 7 6 4 4 0 9 0 0 0 2 2 9 2 ( 
18 4 0 18 16 6 25 18 28 8 48 2 28 5 36 1 2i 
19 8 2 1 2 5 8 2 5 2 7 0 16 0 12 5 f 
Total for 
12 hours 182 51 411 263 23 9 415 105 591 23 5 844 99 486 233 599 126 43Ê 
Av. 9.58 2^ 8 21.63 13.84 12,58 21.84 5.58 31.11 ]2.37 4^ .42 521 25.58 12.25 31.53 6.63 22, 
Miti. 0 0 0 0 0 0 0 3 0 0 0 1 0 4 0 C 
Max. 58 9 65 35 45 68 18 75 30 100 26 85 54 66 32 5C 
Total for 
24 hours 233 574 654 697 1079 585 832 562 
Av. 12 .26 35 .47 34 .42 36 .68 55 .79 30 .79 43.79 2 9 . 1  
Min. 0 3 0 S  Ù  2 11 2  
Max. 65 95 99 85 13 0 92 114 61 
M^etacercariae also shed during this period. 
Day 
7 8 9 10 11 12 13 Total Av. no. Range/ 
PM AM PM AM PM AM PM AM PM AM PM AM PM AM PM cercariae 24--hr 
shed/24 hr period 
period Min. Max. 
1 54 60 10 50 2 2 53 3 36 23 13 2 5 20 761 58.5 4 13 0 
20 13 35 11 50 1 0 40 50 15 1 23 1 1 13 484 3 7.2 1 90 
37 6 50 2 30 5 5 26 20 3 4 19 1 5 8 508 39.1 7 82 
44 2 45^  3 40 1 1 44 33 7 0 40 2 2 23 434 33.4 0 77 
20 1 13 0 7 0 0 7 10 3 2 1 1 1 1 186 14.3 0 46 
8 41 4 32 10 17 18 33 40 4 0 37 1 6 0 583 44.8 4 95 
45 4 66 1^  40 2 2 45 25 16 5 7 0 20 11 516 39.7 4 79 
1 26 16 3 20 1 1 20 29 1 17 0 2 2 4 2 73 21.0 2 49 
85 10 55 19 20 7 6 0 21 34 0 9 1 6 16 655 50.4 11 120 
7 2 10 0 17 1 1 21 14 2 6 4 1 18 16 134 10.3 0 35 
31 1 27 4 15 1 1 21 15 11 11 8 4 17 14 306 23 .5 2 45 
24 0 34 16 17 4 4 44 42 1 15 7 1 7 5 455 35.0 S 86 
35 22 33 8 30 3 3 24 39 0 1 5 0 7 8 3 72 28.6 1 63 
19 11 26 4 11^  1 1 10 12 3 3 2 0 4 4 253 19.5 2 40 
8 2 13 4 12 3 3 18 21 0 18 2 0 5 8 147 11.3 0 39 
55 31 55 1 37 2 1 45 32 22 10 10 1 11 3 550 42.3 3 86 
2 2 9 2 0 1 1 0 0 1 0 1 0 1 0 63 4.8 0 13 
28 5 36 1 25 3 3 26 32 12 0 20 2 10 11 387 29.8 1 58 
16 0 12 5 5^  3 3 20 16 8 0 4 0 4 2 140 10.8 3 36 
4-86 233 599 126 436 58 56 497 454 179 116 212 20 132 167 7207 
25.58 12.26 31.53 6.63 : 2235 3.05 2.95 26.16 23.89 9.42 6ilO 11.16 1.05 6.95 8.79 
1 0 4 0 0 0 0 0 0 0 0 0 0 1 0 
85 54 66 32 50 17 18 53 50 36 23 40 4 20 23 
55 832 562 114 951 295 232 299 
).79 43.79 29 .58 6. 0 50.05 15 .53 12. 21 15 .74 
: 11 2 0 0 1 1 1 
114 61 35 90 59 42 34 
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shedding, were observed at various times during the study and were main­
tained for periods of 5-36 days. None showed a definite pattern of cer-
carial emergence. 
To ascertain if the apparent lack of pattern of emergence was re­
lated to the length of time clams had been shedding, twelve additional 
clams were observed from the first day of shedding until death (Table 18), 
Three of these clams had been laboratory infected, and the remainder were 
naturally infected ones maintained for at least a week before cercarial 
emergence began. Here too, cercarial production was highly variable, 
but once cercariae began to emerge, their number tended to increase 
after the first day and to decrease a few days before death of the host. 
Steelman (1938b) and Baker (1943) indicated that cercariae of £. 
raiacauda and C. steelmani, respectively, emerged with no apparent re­
lationship to the time of day and that numbers of cercariae produced 
were highly variable. 
C. Development of Cercariae 
Cercarial development in P. staffordi is similar to that observed 
by Goodchild (1948) in Gorgodera amplicava and by Thomas (1958b) in 
simile. The following observations and measurements were made on ex­
perimentally developed cercariae while still living within the daughter 
sporocysts or shortly after removal. By the time the cercarial embryo 
is approximately 0,250 mm long, the tail region has already differentiated 
and is seen as a narrowed portion (Figure 47) whose cells appear similar 
to those of the body, Primordia of both suckers ate clearly distinguish­
able. 
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Table 18. Total cercarial production of naturally and experimentally infected Sphc 
Clam/day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
1  7 1 3 2 2 0 0 0 8  0 0 2 0  d e a d  
2  1 3  1 0 2 2 0 0 0  0 0 1 6 1 8 2 1 4  
3  2 3 4 1 4 3 0 1 3  1 1 0 1  d e a d  
4 25 56 72 71 70 20 17 dead 
5 5 25 40 40 45 33 31 2 15 1 1 dead 
6 25 25 10 9 61 dead 
7 1 36 10 25 26 40 dead 
8 12 11 11 6 27 34 51 25 65 25 36 15 15 dead 
9 2 2 15 5 10 10 24 13 22 20 7 20 16 25 21 24 32 13 
1 0  6 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0  
11 2 2 3 2 6 dead 
12 2 0 7 13 11 12 19 4 17 1 dead 
N^aturally infected clams were maintained in the laboratory for at least two vi 
tally infected Sphaerium lacustrae (clams 1-9, natural infections; clams 10-12, 
4- 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 Total 
iad 25 
L 8 2 1 4 6 3  0 2 3  0 2 2  dead 5 0  
iad 24 
331 
238 
130 
138 
Lad 333 
I 21 24 32 13 6 26 15 28 21 10 11 dead 398 
l O O O O O l O O l O l O O O O  d e a d  9  
15 
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for at least two weeks prior to cercarial production. 
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The tail appears to grow more rapidly than does the body and when 
it is approximately the length of the latter (Figure 48), the connection 
between body and tail is extremely narrow. The tail is slightly swollen 
at its proximal end. The esophagus is present at this time. 
As the tail lengthens, becoming nearly twice as long as the body 
(Figure 49), the constriction at the body-tail junction becomes more ap­
parent. Body cells are much smaller than those of the tail. The esopha­
gus has lengthened and distally has become, enlarged, prior to bifurca­
tion to form the crura. In some specimens, an accumulation of granular 
material dorsal to the oral sucker indicates the primordia or penetration 
gland ducts, although no penetration glands were observed. The urinary 
bladder is present, but no evidence of cystogenous gland cells could be 
seen. No stylet or eyespots were noted. In one specimen, ten flame 
cells (approximately 0,004 mm long) were observed scattered throughout 
the body. The tail is distinctly swollen proximally and, in some speci­
mens, cavities of both tail regions may be observed. 
In specimens with the tail divided into two distinct portions 
(Figure 50), a central cavity may be seen extending through the length 
of the tail; it is much more extensive in the proximal portion. The 
cells of the distal tail region become more distinct as this portion 
elongates and becomes narrowed. The proximal portion, however, becomes 
thicker and wider. In the body, penetration gland ducts are visible, 
although distinct cells and nuclei could not be observed. Bifurcation 
of the esophagus has occurred. îtie cercaria is capable of moving its 
tail as a unit at this stage. 
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When the proximal portion of the tail is twice the body width, 
both body and tail are capable of all the movements seen in a completely 
formed cercaria. The stylet is usually well formed. Penetration gland 
cells and nuclei are present. Gystogenous gland cells surrounding the 
bladder are rounded and contain granular material. A full flame cell 
complement was observed in one specimen. Cells of the proximal tail 
portion have elongated so this region appears hyaline with scattered 
nuclei. Distinct muscle bands and concentrations of nuclei are present 
at the junction of the two tail portions and at the body-tail junction. 
The proximal tail portion continues to increase in size (Figure 51). 
The intestinal caeca elongate and reach almost to the posterior end 
of the body. The cells surrounding the bladder elongate and become 
densely granular. A collar surrounding the cercarial body is gradually 
formed from the anterior median area of the greatly inflated proximal 
tail portion. With continued growth, this collar forms the wall of the 
cercarial chamber, into which the cercarial body is later withdrawn. 
The distal tail portion becomes relatively more muscular and narrowed. 
The cercaria now appears almost fully formed, except for the proximal 
tail portion, which has not yet attained its full size. Gercariae rarely 
encyst within their cercarial chambers until they emerge from the daughter 
sporocysts. Encysted ones usually are specimens from sporocysts which 
have remained in lake water for some time after their clam hosts have died. 
It is probable that encystment within the cercarial chamber and an in­
crease in size of the proximal tail portion occur after cercariae have 
emerged from daughter sporocysts, but prior to their leaving the clam. 
Hunt (1951), in studies on the cercariae of Gorgodera vivata, also found 
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encystment to occur at this time. 
D. Comparison with Closely Related Cercariae 
Four species of macrocercous, gorgoderid cercariae whose tails are 
divided into two portions (with the proximal portion greatly expanded 
into wings and possessing an anteromedial cercarial chamber) have pre­
viously been reported from North American fingernail clams. G. pisidii 
as described by Steen (1938a) differs from the cercaria of staffordi 
in having only six pairs of penetration glands. It possesses papillae 
with tufts of "hairs", and employs pisidium politum as its host. The 
other three species and G. staffordi use fingernail clams of the genus 
Sphaerium as hosts. C. wabashensis Coil (1955) differs from the cercaria 
of P. staffordi in having fewer pairs of penetration glands, in possessing 
papillae with "setae", and in the presence of a smaller tail whose 
proximal wings are not as large in relation to the cercarial chamber. 
S. transversum serves as its host. C. raiacauda, described by Steelman 
(1938b) has been shown by Beilfuss (1954) to be the larval stage of 2» 
caudatum. It is smaller than C. staffordi and has a distinctive "somewhat 
rigid hyaline, apparently chitinized, sickle-shaped area" on the anterior 
border of each wing. Its host, Musculium elevaturn (Haldeman), is now 
considered to be S. (M.) partumeium by Rev. H. B. Herrington (of Westbrook, 
Ontario, Canada) and W. H. Heard (Florida State University, Tallahassee, 
Florida). £. steelmani Baker, 1943, the species most similar to C. 
staffordi, differs in having a slightly smaller tail, less well developed 
genital primordia, fewer pairs of intercaecal penetration glands, a 
grooveless stylet with a pair of protuberances on its main ridge, and 
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in having a different clam host. The latter, Sphaerium aureum declive 
Sterki, is probably S. striatinum (Lamarck) as indicated in personal 
communications by Herrington and Heard. 
In view of the foregoing evidence based on the clam hosts involved 
and cercarial morphology, it appears that G. staffordi is probably a 
distinct and valid species. 
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XI. METAGERGARIA 
Metacercariae of P. Stafford!, when present, are usually found en­
cysted within daughter sporocysts in living and dead Sphaerium lacustre. 
Viable, encysted metacercariae are also occasionally found within de­
composing sporocysts from clams which have already produced many cer-
cariae. Encysted ' etacercariae remain alive in lake water at room tem­
perature for as long as four days after being shed. When mechanically 
excysted, metacercariae usually remain coiled, move only sluggishly, 
and live less than an hour in lake water at room temperature. 
The cyst of the living metacercaria is spherical or oval (Figure 28) 
and measures approximately 71 x 63 microns (based on the study of 18 
living specimens). Within the metacercaria, encased in its transparent 
cyst, flame cells, excretory ducts, penetration gland rudiments, and the 
excretory bladder are clearly visible. 
The metacercarial body (Figures 52-3) differs little from the cer-
carial body. It is larger (Table 19), with acetabulum distinctly larger 
than the oral sucker. The stylet is no longer attached within the body 
but floats freely within the cyst fluid, or it may be attached to the 
cyst wall. Rosette-shaped refractive granules accumulate inside the 
bladder and probably represent, as suggested by Goodchild (1943), the 
cystogenous glands of the cercarial stage. Ducts and nuclei of pene­
tration glands are usually reduced in clarity. Reproductive structures 
are slightly more developed than those of the cercaria. Flame cells 
appear to be similar in number and pattern to the cercarial stage. 
Metacercariae appear in naturally infected clams only during late 
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Table 19. Measurements (in mm) of ten metacercariae of Phyllodistomum 
staffordi from daughter sporocysts 
Metacercarial Anterior end Oral sucker Acetabulum 
body to acetabulum 
Av. 444.9x110.1 217.8 74.3x71.9 87.6x87.3 
Max. 506.2x153.4 291.5 101,2x94.2 101.2x104.7 
M in. 368.2% 92.0 153.4 63.0x63.0 59.3x55.8 
^Mechanically excysted, fixed immediately in hot 10 percent formalin, 
and measured with slight coverslip pressure. 
July through September. Two naturally infected clams collected in June 
at Trumbull Lake contained seven and two metacercariae respectively when 
examined 74 and 84 days after collection. Three laboratory exposed 
clams contained 1, 15, and 25 metacercariae respectively, when examined 
73, 76, and 102 days after exposure. Seven clams examined 61-70 days 
after exposure contained cercariae but no metacercariae within their 
sporocysts. From 1-15 metacercariae were obtained from a few naturally 
infected clams which had been maintained in the laboratory for several 
weeks or months but had not shed cercariae prior to examination. Naturally 
infected clams collected late in the summer may contain up to a hundred 
metacercariae each. 
Evidence that encystment occurs within the sporocyst producing the 
cercariae was indicated by the frequent appearance of detached tails near 
metacercariae within daughter sporocysts. Similar tails were not observed 
in sporocysts lacking metacercariae, Encystment is probably not stimulated 
by the death of the clam host, for metacercariae are present in living 
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clams and metacercarial number did not increase after isolation of in­
fected clam gills in lake water. 
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XII. EXPERIMENTALLY DEVELOPED ADULTS IN BULLHEADS 
Bullheads for exposure to metacercariae were obtained from two 
sources. In 1963, young-of-the-year bullheads were collected from Lake 
Okoboji, an area free of P. staffordi, and exposed to metacercariae. 
In 1964, bullheads were reared from eggs and maintained until the com­
pletion of the study in 1956. 
Metacercariae within clam gills (from naturally infected clams col­
lected in Trumbull Lake and spillway) were fed to 44 parasite free bull­
heads. Three additional parasite free fish were exposed to 5, 7, and 19 
metacercariae, respectively, from two laboratory exposed clams. Numbers 
of metacercariae present were estimated after the clam gill had been 
slightly flattened with coverslip pressure. Great care had to be taken 
in handling the clam gills as the sporocysts were easily ruptured and 
their contained metacercariae released. All metacercariae fed to bull­
heads were alive, but there was no way of determining their age and in-
fectivity. 
Fish were kept from food for a few days to two weeks before exposure. 
They were placed in individual dishes and left in a quiet corner of the 
laboratory for several hours before exposure to the infected clam gill. 
Twenty-four (51 per cent) of the 47 exposed fish were infected when 
examined 1-143 days after exposure (Table 20). Infected fish had been 
exposed to 9-75+ metacercariae. Non-infected fish had been exposed to 
3-44 metacercariae each. The lack of infection in fish exposed in 1965 
was probably due to the low number of metacercariae available (3-19 per 
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Table 20. Exposures of bullheads to metacercariae of P. staffordi (all 
fish used in 1964-66 experiments were laboratory reared) 
No. met. 
fed 
Days of 
exposure 
Bladder Ureter Notes 
1963 
25+ 1 0 2 3 in intestine 
25+ 2 0 0 12 in intestine ~~ 
25+ 2 0 4 intestine neg. 
25+ 2 0 0 intestine neg. 
25+ 3 0 4 intestine neg. 
25+ 4 0 2 1 in intestine 
25+ 4 0 3 3 in intestine 
2 5+ 5 0 0 intestine neg. 
25+ 6 0 0 intestine neg. 
25+ 7 0 1 intestine neg. 
25+ 10 0 0 intestine neg. 
2 5+ 10 0 0 intestine neg. 
25+ 10 0 3 intestine neg. 
25+ 12 0 2 
25+ 13 3 2 
25+ 14 0 2 
25+ 15 1 0 
25+ 28 0 2 
25+ 38 0 2 
Total 1963 exposures 19 Total 1963 infections 14 (73.7%) 
1964 
20+ 13 5 8 intestine neg. 
20+ 18 3 0 fish died before examination. 
flukes of 2 distinct sizes 
20+ 21 1 1 
20+ 28 0 1 
9 63 0 0 
6 70 0 0 
11 70 0 0 
13 70 0 2 
20+ 102 0 1 
20+ 112 0 0 
20+ 115 0 0 
Total 1964 exposures 11 Total 1964 infections 6 (54.5%) 
1965 
4 12 0 0 
3 29 0 0 
5 244 0 0 
19 264 0 0 
7 258 0 0 
5 258 0 0 
Total 1965 exposures 6 Total 1965 infections 0 (0.0%) 
Table 20. (Continued) 
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No, met. Days of Bladder Ureter Notes 
fed exposure 
1966 
75+ 28 14 Fish died and preserved; 
ureters not examined 
25 38 0 0 
40 99 0 0 
58 105 0 0 
15 107 0 0 
40 111 0 0 
50 111 0 0 
56 112 6 2 3 in bladder with a few eggs 
present in each. 
9 125 2 0 both worms gravid, eggs in 
38 132 0 0 
20 143 
distal portion of uterus 
] 1 0 Fish doubly exposed, 1 gravid 
worm in bladder 
60 115 
Total 1966 exposures 11 Total 1966 infections 4 (36.7%) 
fish) and to the reluctance of fish to feed on the clams, even though 
they had been without food for several days. The decreased infectivity 
rate from 1963-66 may have been related to the increase in fish size and 
the related difficulties encountered by flukes in migrating to the ex­
cretory system. 
The length of time required for metacercariae to excyst and to 
migrate to the excretory system is quite variable. One fish host contained 
two flukes in the ureter and three in the intestine—only 21 hours after 
exposure. Another fish, two days after exposure to metacercariae harbored 
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12 immature adults in the intestine but none in the excretory system. The 
oldest flukes recovered from the intestine were four days old. 
Development of adult P. staffordi is quite slow and variable (Figures 
56-65). This variability is probably due to the age of the metacercariae 
when ingested, as noted by Goodchild (1943) for P. solidum. One 18-day in­
fection illustrates this (Figures 58-60). Here, two of the three flukes in 
the bladder (Figures 58-59) were somewhat larger and better developed than 
specimens of 28 days (Figure 61) and 70 days (Figure 62) which had been taken 
from other bullheads (each containing only two flukes). The third specimen 
(Figure 60) in the 18-day infection was considerably smaller and resembled 
a metacercaria in lacking the expanded hindbody and lobate gonads character­
istic of the other two specimens. The single fluke (Figure 63) recovered 
from a 102 day infection was more closely related in size and development 
to a 70-day old fluke (Figure 62) than to the 112- and 125-day old flukes 
(Figures 64-65). 
Egg production was first noted in the 112-day infection (Figure 64). 
Three of the six flukes in the bladder contained a very few undeveloped 
eggs. Two specimens collected 125 days after exposure (Figure 65) and a 
third specimen, obtained from a 115 or 143 day old double exposure, contained 
both well developed and developing eggs. In all three worms, eggs occurred 
in the distal portion of the uterus near the genital pore. All three were 
characterized by sharply demarcated fore- and hindbodies (typical of P. 
staffordi) and by the presence of the inter- and extracaecal eggs (character­
istic of P. carolini). This is further evidence that these two species are 
probably the same. 
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XIII. SUMMARY AND CONCLUSIONS 
1. The life history and host-parasite relationships of the trematode 
Phyllodistomum staffordi Pearse, 192k, have been experimentally 
determined. Adults parasitize the excretory system of the black 
bullhead (Ictalurus melas)• Field studies on seasonal distribution 
of the adult and larval stages were conducted primarily at Trumbull 
Lake (Clay County, Iowa). 
2. Oval, non-operculate eggs hatch almost instantaneously in water by a 
longitudinal splitting of the shell, thus releasing the miracidia. 
3. Miracidia closely resemble those of other gorgoderids and possess 15 
ciliated epidermal plates in three tiers arranged in a 6-6-3 pattern. 
Miracidia enter the fingernail clam, Sphaerium lacustre, passively and 
exhibit no response to its presence. 
4. In laboratory infections, mother sporocysts, located within the clam 
gills, produced daughter sporocysts continuously for at least 11 
weeks. Mother sporocysts reach maximum size and productivity near 
the fifth week. Thereafter, sporocysts wither and degeneration is 
common. 
5. Each mother sporocyst retains the two flame cells of the miradicium and 
these develop into giant, semilunar cells, each with its own excretory 
pore. 
6. The first naturally emerged daughter sporocysts were obtained four weeks 
after clams were exposed to miracidia. Daughter sporocysts are found 
throughout soft parts of the clam. Only those in the gills reach matur­
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ity and produce cercariae. Embryos with recognizable cercarial struc­
tures first appear seven weeks after clam exposure. 
7. Each daughter sporocyst contains 16 flame cells arranged in groups of 
four. Eight are associated with each excretory pore, and each de­
velops into a flame cell of the giant, semilunar type. 
8. In nature, most infected clams measured 8-15 mm but a few as small 
as 6 mm were infected. In the laboratory, a few as small as 2.2 mm, 
but none smaller, became infected. 
9. In laboratory exposures, infections usually resulted in death of the 
clam host before cercarial production. 
10. Naturally infected fingernail clams harbor sporocysts from June 
through September and cercariae are shed only during July through 
September. The majority of full-grown, naturally infected clams died 
between late July and September, presumably as a result of parasitism. 
11. The cercaria of P. staffordi is macrocercous, and the tail consists 
of two distinct portions. The proximal region consists of a pair 
of lateral, bulbous wings, a median area and a cercarial chamber; 
the distal region is slender and whiplike. Cercarial development is 
similar to that of other gorgoderids. No definite pattern of cer­
carial emergence could be detected. 
12. There are 27-30 pairs of flame cells in the cercarial body and none 
in the tail. Flame cells are arranged in groups of three's with three 
groups preacetabular and the remainder acetabular and postacetabular. 
The latter are smaller and more difficult to see due to the numerous 
cystogenous glands surrounding the bladder. 
85 
Within the optimum temperature range, increased temperature speeds 
development of larval stages but shortens the life span of hatched 
miracidia and emerged cercariae. 
Some metacercariae develop from cercariae within the same daughter 
sporocyst producing them. The metacercaria resembles the cercaria 
but is larger, has a better developed acetabulum, lacks stylet and 
tail, and possesses fewer penetration glands and fewer cystogenous 
glands surrounding the bladder. In the laboratory, at least 73 days 
are required for metacercarial development. 
A few metacercariae, resembling those of P. staffordi, were found 
encysted within neuropteran larvae CSialis) in those areas of Trumbull 
Lake where infected bullheads occurred, but no infection resulted 
after feeding several metacercariae to bullheads. Cercariae were ex­
posed to Sialis larvae but no attraction of the insect to the cer­
cariae could be noted. 
Of 47 bullheads exposed to metacercariae from daughter sporocysts, 
24 (51 per cent) became infected. Excystment occurs within the di­
gestive tract within four days after exposure. Young adults migrate 
to the ureters and urinary bladder. They usually remain for some 
time in the ureters before migrating to the bladder where they become 
gravid. Development of adults is quite slow and variable. Such 
variability is probably due to differences in age of metacercariae 
when fed to the fish host. The earliest egg production was noted 
in flukes 112 days old. 
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Adults are usually attached by the acetabulum to the wall of the 
urinary bladder or ureter, but may lie free in the lumen. Worms 
cause little damage to the host's excretory system. Throughout the 
year, more flukes are found in the bladder than in the ureters and 
are usually gravid and larger. Those in the ureters are usually very 
small and metacercarial-like in late summer through early winter, 
develop during the winter, and leave the ureters the following 
spring before becoming gravid. 
Size and sex of the host apparently have little effect on infectivity 
of the parasites, as indicated by a comparative study of the per­
centages of infection. 
Almost half of 663 fish examined from Trumbull spillway were in­
fected. Of 330 infected fish, over SO per cent contained 1-3 worms 
and almost 50 per cent contained a single worm. The maximum number 
of P. staffordi per fish was 30. 
Comparative studies of the five phyllodistome species reported from 
North American catfishes Cictaluridae) indicate that P. caudatum, 
P. lacustri, and P. staffordi are valid species. P. carolini is 
considered as synonymous with P. staffordi, and P. hunteri is tenta­
tively considered as distinct from P. staffordi. 
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XIV. ADDENDUM 
As this dissertation was in the final stages of preparation, a pub­
lished account of the life cycle of Phyllodistomum staffordi was presented 
by Schell (1967). The data presented in this dissertation are in basic 
agreement with those by Schell but differ in several respects. Schell ap­
parently was unaware of the preliminary account by Waffle and Ulmer (1965) 
outlining the basic life cycle of P. staffordi. Furthermore, he did not re­
fer to the abstract by Wootton and Peters (1957) describing miracidial 
plates. He also failed to note previous papers citing additional hosts of 
P. staffordi and the controversy relative to the synonomy of P. staffordi 
and P. carolini. 
Schell's account indicated the life cycle of P. staffordi to involve 
the brown bullhead (Ameiurus nebulosus), and as intermediate hosts, the 
fingernail clam (Musculium ryckholti) and unidentified damselfly naiads and 
trichopteran larvae. Ameiurus nebulosus has for many years been known as 
Ictalurus nebulosus (Le Sueur) as indicated by Bailey (1960) in a special 
publication of the American Fisheries Society. Herrington (1962) included 
Musculium within the genus Sphaerium and listed the former species Cyclas 
ryckholti Normand, 1844 as synonymous with Sphaerium lacustre, the inter­
mediate host stated in this author's dissertation and abstract. 
None of the hosts in Schell's work were completely laboratory reared. 
His account did not include methods used in measuring most larval stages 
nor any indication of numbers of animals examined or used for measurements. 
It is of interest, too, that no dates were given as to when his investiga­
tion was undertaken. 
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The basic structure of the miracidium, as presented by Schell, was in 
agreement with my findings except for the number of epidermal plates. 
Wootton and Peters (1957) reported 15 to be present, arranged in a 6-6-3 
pattern. The three plates in the basal tier are considerably larger than 
those in the other tiers. My results agree with those of Wootton and 
Peters. Schell, however, described three tiers of six plates each and il­
lustrated the plates as approximately equal in size. 
Development of sporocysts and cercariae was more rapid in Schell's 
studies, but this may have been the result of higher temperatures. No in­
dication was given as to where and how flame cell tubules open at the sporo-
cyst surface. He indicated that "Flame cells are usually not visible in 
. . . older stages." I have observed flame cells in 11-week mother sporo­
cysts as well as in daughter sporocysts from which cercariae were being re­
leased. Schell implied that the mother sporocyst ruptures, thereby releas­
ing all daughter sporocysts at one time. My findings indicate daughter 
sporocysts to be produced continuously over at least an eleven week period 
so that not all daughter sporocysts are of the same size and at the same de­
gree of development in a given clam. Schell reported daughter sporocysts 
from the clam gills and omitted reference to their presence in any other 
portion of the clam. My data show them to occur in all soft tissues of the 
clam. Schell maintained that the daughter sporocyst develops "a body wall 
and a body cavity" and undergoes an increase in number of flame cells soon 
after leaving the mother. I have observed a full flame cell complement, the 
presence of a body cavity and wall in those daughter sporocysts still within 
the lumen of the mother sporocyst. In contrast to Schell, I have observed 
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apparently functional flame cells with actively moving cilia within old 
daughter sporocysts. 
My findings on the morphology of the cercaria are in basic agreement 
with those of Schell, but I have observed an additional papilla on the 
acetabulum, four within the opening of the acetabulum, and several pairs 
on the dorsal and ventral body surfaces. In addition, at least three more 
pairs of flame cells occur posterior to the acetabulum. His data on the 
developing cercarial reproductive structures and on the structure of the 
acetabular papillae are not in complete agreement with my findings. Schell 
mentioned the resemblance of P. staffordi cercariae to those of C. raiacauda 
Steelman, 1938, but failed to compare C. staffordi with the even more similar 
G. steelmani Baker, 1943. I have observed no pattern of cercarial emergence 
similar to that reported by Schell. 
Schell maintained that metacercariae are found in two locations: 
within insect intermediate hosts and lying loose "between the gill lamellae 
after leaving the daughter sporocyst". In my studies, encysted cercariae 
(metacercariae) were found within the daughter sporocysts that produced 
them and also some were seen loose but still encased in daughter sporocyst 
tissue in the bottom of dishes containing clams producing cercariae. In 
my opinion, such loose metacercariae represent those having ruptured from 
the fragile sporocysts. Schell reported unidentified damselfly naiads and 
trichopteran larvae to feed actively on the cercariae and to be hosts for 
metacercariae. But he presented no other data on exposures or the incidence 
of natural infections. I have searched for metacercariae in insect larvae 
but, except for occasional ones in neuropteran larvae (Sialis), have found 
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none. Trichopteran larvae were observed to feed on cercariae but only a 
single metacercaria was recovered from exposed insects. This one metacer-
caria failed to develop when fed to a laboratory reared bullhead. In all 
probability, the main reason for this difference is that Schell may have 
been exposing his unidentified insects to far more cercariae than were 
available to me. 
In Schell's discussion of adult morphology and distribution within the 
definitive host, he failed to mention numbers of fish examined or if ureters 
were examined. He ignored the controversy concerning the existence of P. 
carolini. The extracaecal uterus and the appearance of eggs in continuous 
strings in Schell's diagram are typically characteristic of P. carolini 
Roll, 1929. 
In his studies on the development of adults from metacercariae, Schell 
exposed only six non-laboratory reared fish. Of these six fish, two became 
infected and harbored two and three flukes respectively; two fish were 
negative and two are unaccounted for. He failed to indicate if ureters 
were examined. Schell's evidence that the five small flukes recovered from 
these two fish (six and ten days after exposure)were P. staffordi seems to 
rest on the observation of slight development of the hindbody and the pres­
ence of primordia of testes and ovary. I have observed these reproductive 
primordia as early as the cercarial stage. Even with slight enlargement of 
the hindbody, it is doubtful if specimens as young as Schell*s could be 
identified with certainty as to species. In contrast, my feedings of meta­
cercariae from daughter sporocysts to 47 bullheads (most of them completely 
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laboratory reared) resulted in the subsequent infection of 24 fish (51 
per cent) and the collection of almost a hundred flukes. Six flukes 
(112 days and older) were gravid. 
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XVII. APPENDIX 
Graph i, percentage of Ictalurus melas from Trumbull spillway harboring Phyllodistomum staffordi, 
1963-1966. 
Gray bars - % infection in urinary bladder 
Black bars « % infection in ureters 
Dots indicate total % infection 
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Graph 2. Comparison of length of Phyllodistomum Stafford! sporocysts 
in gill and on mantle of Sphaerium lacustre. 
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Graph 3. Comparison of Phyllodistomum Stafford! daughter sporocysts 
(containing cercarial embryos) from two regions of Sphaerium 
lacustre. 
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plate I 
Figures 1-3 drawn to the scale indicated in Figure 1. 
Figure 1. Phyllodistomum staffordi from Ictalurus melas collected 
at Trumbull Lake, Clay County, Iowa. ' 
Figure 2. P. carolini, paratype, from I. natalis collected at 
Elon, North Carolina, "" 
Figure 3. P. caudatum from I. nebulosus collected at Stillwater, 
Oklahoma, " 
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Plate II 
Figures 4-5 drawn to the scale indicated in Figure 5. 
Figure 4o P. staffordi, type specimen, collected from nebulosus 
at Sturgeon Bay, Wisconsin, 
Figure 5. P. staffordi from the same bullhead as type specimen. 
Figure 6. P. staffordi, ovary and associated female reproductive 
structures. 
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plate III 
Figures 7-8 drawn to the scale indicated in Figure 7. 
Figure 7. p. hunteri, cotype, from I. nebulosus collected in 
New York. ~ 
Figure 8. p. lacustri, type specimen, from Ictalurus punctatus 
collected in the St. Croix River, Stillwater, Minn. 
Ill 
plate IV 
Figure 9. Photomicrograph of P. lacustri from stonecat, Noturus flavus, collected in Big 
Meadow Creek, Clay County, Iowa. 
Figure 10. Photomicrograph of P. lacustri from channel catfish, ictalurus punctatus, col­
lected in the Little Sioux River, | 
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plate V 
Figure 11. photomicrograph of sagittal section of adult P. staffordi in situ within the urinary 
bladder of I. melas. ~ 
Figure 12. photomicrograph of cross section through the acetabular region of young P. staffordi 
within ureter of I. melas. "" 
Figure 13. Photograph of Sphaerlum lacustre, the intermediate host of p. staffordi. 
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plate VI 
Figure 14. Epidermal plates of P. staffordi miracidium. 
Figure 15. Free hand sketch of living p. staffordi miracidium. 
Figure 16. Composite of sectioned mother sporocyst of p, staffordi 
in situ showing a giant, semilunar flame ceTl and asso-
"cîated ducts. 
Figure 17. Free hand drawings of living flame cells (nuclei and cell 
membranes not shown) of mother sporocysts of p. staffordi. 
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Plate VTI 
Figures 18-23 drawn to the scale indicated in Figure 22. All from whole 
mounts of fixed mother sporocysts of p. staffordi. 
Figure 18. 1-week old mother sporocyst. 
Figure 19. 2-week old mother sporocyst. 
Figure 20. 3-week old mother sporocyst. 
Figure 21, 4-week old mother sporocyst. 
Figure 22. 5-week old mother sporocysts. 
Figure 23. S^week old mother sporocyst. 
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plate VIII 
Figures 24-35 drawn to the scale indicated in Figure 27. All from whole 
mounts of fixed daughter sporocysts of P. staffordi. 
Figure 24, Daughter sporocyst from clam gill, 4-week infection. 
Figure 25. Daughter sporocyst from clam gill, 5-week infection. 
Figure 26. Daughter sporocyst from clam gill, 6-week infection. 
Figure 2 7. Four daughter sporocysts from clam gills, 8-week in­
fection, Note the variability of development. 
Figure 28. Daughter sporocyst from clam gill, 14%-week infection. 
Note in the same sporocyst the presence of germinal 
masses, cercarial tail with no cercarial body, and 
encysted metacercaria. 
Figure 29. Daughter sporocyst from clam mantle, 5-week infection. 
Figure 30. Daughter sporocyst from clam mantle, 6-week infection. 
Figure 31. Two daughter sporocysts from clam mantle, 7-week infection. 
Figure 32. Daughter sporocysts from clam mantle, 8-week infection. 
J'igure 33. Two daughter sporocysts from clam mantle, 9-week infection. 
Figure 34. Daughter sporocyst from clam mantle, 10-week infection. 
Figure 35. Daughter sporocyst from clam mantle, 14%-week infection. 
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plate IX 
Figures 36-39 - photomicrographs of cross sections of a 6-week old ex­
perimentally infected Sphaerium lacustre showing sporocysts of P. 
staffordi in situ. 
Figure 36. Note mother sporocysts in gills and daughter sporocysts 
in mantle and visceral mass. 
Figure 37. Note well developed daughter sporocyst within the 
mother sporocysts. 
Figure 38. Note penetration of mother sporocysts between gill bars 
of the clam. 
Figure 39. Note mother sporocyst near developing clams in the gill 
and young daughter sporocysts within visceral mass. 
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plate X 
Figure 40. Free hand drawing of living daughter sporocyst of P. staffordi 
showing excretary system. ~ 
Figure 41. Free hand drawing of living, freshly shed cercaria of p. 
staffordi. ~ 
Figure 42. Ventral view of cercarial body of p. staffordi showing 
reproductive structures, ~ 
Figure 43. Lateral view of cercarial body of P. staffordi (one caecum 
removed) showing reproductive primordia and papillae. 
Drawn to the same scale as Figure 42. 
Figure 44. Ventral view of cercarial body of P. staffordi (excretory 
system, penetration glands, papillae, and digestive system 
shown on one side only). 
Figure 45. Dorsal view of stylet of P. staffordi cercaria. 
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plate XI 
Figures 46-51, Development of cercaria of p. staffordi. Ail drawn to 
scale indicated in Figure 5T. 
Figures 52-53. Metacercariae of P. staffordi drawn to the scale indi­
cated in Figure 53. ~ 
Figure 52. Ventral view of excysted P. staffordi metacercaria 
removed from daughter sporocyst. 
Figure 53. Lateral view of excysted P. staffordi metacercaria 
removed from daughter sporocyst. Only one caecum 
and one testis shown. Note vitellaria. 
Figure 54. Ventral view of excysted metacercaria removed from Sialis 
larva. Drawn to same scale as indicated in Figure 53. 
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plate XII 
Figures 55-65, Development of adult P. staffordi in experimentally-
reared Ictalurus mêlas. Ail figures drawn to same scale as in Figure 65. 
Figure 55. Metacercaria removed froui daughter sporocyst. 
Figure 56. 13-day old adult. 
Figure 57. 15-day old adult. 
Figures 58-60. Three adults from same fish exposed for 18 days. 
Figure 61, 28-day old adult. 
Figure 62. 70-day old adult. 
Figure 63. 102 day old adult. 
Figure 64. 112-day old adult. 
Figure 65. 125-day old adult. 
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